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ÖZET 
Bu tezin amacı, dijital teknolojilerin ve sayısal tasarım araçlarının etkisi altında 
mimari tasarım ve üretim süreçlerinin ve bu süreçlerin birbirleriyle olan 
etkileşimlerinin değerlendirilmesidir. 
Dijital çağın getirileri artık sadece temsiliyet aracı olarak kullanılmamaktadır. Dijital 
teknolojiler, parametrik tasarım, asosyatif geometriler, algoritmik süreçler ve 
yazılımlar gibi tekniklerle beslenen ve dönüşümler geçiren tasarım ve üretim 
süreçleri için üretken birer araç haline gelmiştir.  
Sayısal tasarım ortamına geçiş ile birlikte ortaya çıkan ve matematiksel 
ilişkilendirmeler üzerine kurulu olan yeni yaklaşımlar mimari tasarım süreçlerini 
değiştirmektedir.Bu çevrenin etkisi altında tasarım süreçleri ile birlikte üretim 
süreçleri de değişime uğramakta ve bu iki süreç arasındaki ayırımlar giderilerek 
bütünleşik tek bir süreç tanımlanmaktadır.  
Tasarım ve üretim süreçlerinin entegrasyonu, birçok farklı disiplinin işbirlikçi bir 
ortam içerisinde birleştirmiş ve aynı zamanda bu yeni çatı altında mimarın yerinin ve 
disiplinin geleceğinin sorgulanmasına neden olmuştur. 
Yukarıda sözü geçen değişimleri göz önünde bulundurarak, bu tez dijital 
teknolojilerin etkisi altında hem tasarım hem de üretim süreçleri bağlamında değişim 
gösteren ve doğurduğu tepkiler ışığında yenilenen mimarlık disiplinin bir 
değerlendirmesidir.  
 
 
 viii
SUMMARY 
The thesis aims to evaluate the influence of digital technologies and computational 
design environment on architectural design and manufacturing processes, and 
interaction of them. 
The merits of the digital age is increasingly being used not merely as a 
representational tool, but as a generative tool that alters architectural design and 
manufacturing processes, challenged with design techniques such as parametric 
design, associative geometry, scripting and algorithmic procedures.  
With the introduction of computational design, a new approach, proceeding with 
mathematical relations and definitions, has redefined the architectural design 
processes. Under the influence of this environment, not only a radical shift in the 
design processes has been witnessed, but the distinction between design and 
production has been blurred in the sense that what is constructible and how?  
The integration of design and manufacturing processes has led various disciplines 
to be engaged in a collaborative environment of design and production where the 
role of the architect and the future definition of the discipline are questioned.  
Referring to such alterations, this thesis is an assessment of the discipline under the 
influence of digital technologies both design and production wise and the evaluation 
of the responses generated by these technologies in the practice.  
 
 
 ix
CHAPTER 1: INTRODUCTION 
1.1 Aim and Scope of the Thesis 
In the contemporary medium, digital age is providing a new type of architecture that 
is defined and challenged by new arising technologies and computational 
techniques. In this digitally mediated and highly computerized environment of 
architecture, as Lev (2007) states, there are different debates going on; some are on 
the positive side supporting the computer’s help in visualization of space and detail, 
its contribution to construction and communication processes, and it’s globalizing 
opportunities for project cooperation across regions, whereas some are on the 
negative side, criticizing the alleged decline of artistic talent and therefore, design 
excellence in young architects and  the convergence of architectural forms into 
context-less “blobs” and “folds”. 
Referring to the criticisms on the effects of current computational techniques on 
architecture and lack of theoretical frameworks of digital design, this thesis aims to 
evaluate the potentiality of the new design environment introduced by digital 
technologies and informed by computational techniques, mathematical and 
geometrical models. 
The basic argument is that under the influence of digital age together with the 
introduction of its technologies, the discipline of architecture has been reshaping 
itself where a new paradigm of design techniques and strategies have been 
explored which as a consequence, blurs the distinction between the design and 
manufacturing processes and defines new approaches to the discipline.  
Today, the merits of the digital age is increasingly being used as a generative tool 
that alters architectural design and manufacturing processes, challenged with 
parametric design techniques such as associative geometry, scripting and 
algorithmic procedures. With the introduction of such computational techniques, a 
new approach, proceeding with mathematical relations and definitions, has 
redefined the architectural design processes. Under the influence of this 
computationally enriched environment, not only a radical shift in the design 
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processes has been witnessed, but the distinction between design and production 
has been blurred in the sense that what is constructible and how?  
As Kolarevic (2003a) states, the integration of design analysis, manufacture and 
assembly of buildings have enabled architects, engineers and builders to 
fundamentally redefine the relationships between conception and production. The 
collaborative work flow between separate professions (architecture, engineering, 
manufacturing etc.) has altered the role of all the parties and enabled a more 
integrated work process, thus as a consequence forced architectural firms to 
question their position with in the current medium. 
With the assistance of computational techniques and collaborative work flow 
between various professions, there has been a shift towards process defining 
environments. In other words, in the contemporary medium, the concern is not about 
creating or visualizing context-less sophisticated forms. The main concern of the 
discipline is defining a process enriched with computational techniques by which 
complexities can be created, manipulated and more importantly produced.  
This thesis is an inquiry into the new paradigm of architectural design and 
manufacturing processes challenged with the consequences of digital 
technologies.  
Digital technologies affect architecture in myriad ways, including providing new 
design techniques ranging from representation to production processes, as well as 
enabling new territories of analogy making from different scientific professions like 
biology, genetics and so on. Within such a wide range, the scope of the thesis is 
narrowed to the assessment of the discipline under the influence of digital 
technologies both design and production wise and to the evaluation of the 
responses generated by these technologies in the practice.  
1.2 Methodology and Outline of the Thesis 
The methodology of the thesis is to compile contemporary literature on both 
computational design environment and manufacturing processes followed by the 
analysis of each subject which then leads to case studies investigating responses by 
a architectural offices and its technology offspring. As a consequence of the 
methodology, the thesis consists of 7 main chapters. 
The aim and the scope of the study are explained through first chapter as an overall 
introduction to the thesis. 
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In the second chapter, intension is to evaluate the discipline under the influence of 
the Information Age and its consequences; digital technologies. Starting with the 
merits of digital technologies, the focus of the chapter will become the influence of 
computers and computational techniques on design processes which will be then 
evaluated through CAD/CAM technologies. The brief history of CAD/CAM 
technologies will provide an understanding of how and in what ways these 
technologies have altered various disciplines and as a consequence how the 
discipline of architecture transferred these technologies in order to get benefit from. 
Further in the chapter, the merits of CAD/CAM technologies in architecture from 
visualization to production are going to be explained and it will be discussed that 
with the aid of such technologies, new computational techniques have been 
introduced to the discipline by which great complexities can be created, 
transformed, geometrically manipulated and produced. The chapter will be 
concluded with an overall evaluation of the discipline by addressing the significance 
of focusing on the basics of the discipline such as mathematics and geometry in 
order to provide innovative and generative use of digital technologies. 
In the third chapter, mathematics and geometry is aimed to be represented as the 
main mechanisms to guide computationally defined discipline of architecture. The 
aim is to evaluate the paradigm shift in mathematics, geometry and their reflections 
on perception of space. Starting from the definition of Euclidean Geometry, 
continuing with the introduction of the Non Euclidean Geometry as a critic towards 
the Euclidean Geometry, the radical changes in the geometry and mathematics will 
be discussed. Throughout the chapter, the intension is to describe the radical 
changes in perception of space under the influence of studies in geometry and 
mathematics. The evaluation of the cross fertilization of these disciplines and 
computational design techniques will demonstrate the characteristics of space in the 
digital age. The altered space perception is then described through topological 
studies which reflect the potentials of computational based design techniques in the 
digital age. 
The fourth chapter will start with an assessment of the role of mathematical and 
geometrical relations in terms of techniques and strategies for architectural design 
processes. The significance of computation in architectural design processes and 
the new techniques generated as a consequence of computation will be described. 
Thus, an overall frame that reveals the tendencies of the current medium in 
architectural design processes will be demonstrated. Among all the other 
techniques, parametric design strategies will be given priority and the distinguishing 
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features of such techniques like associative geometry, scripting and algorithmic 
procedures will be discussed in detail. The chapter will be concluded with an overall 
evaluation via emphasizing the significance of providing a link between design and 
manufacturing processes. 
The fifth chapter aims to address the importance of manufacturing processes in the 
contemporary medium. Referring to the previous chapter, it will be discussed that 
the computational techniques informed by geometrical and mathematical relations 
works as an interface between design and manufacturing processes. The argument 
of this chapter is to state that the architectural projects are not only realized digitally 
but also can be produced and tested through computer controlled manufacturing. 
These manufacturing strategies turns digital to physical and enables architects to 
test their ideas both design and construction wise. The chapter will be concluded 
with an analysis of this and the previous chapter, the importance of integrating 
design and manufacturing processes in order to avoid context-less form generation 
will be pointed out and furthermore, the innovations in terms of new techniques and 
materials as consequence of this integrated processes will be discussed. 
The sixth chapter is the evaluation of the new design environment from a corporate 
point of view. The intension is to discuss how the practice is adjusting itself under 
the influence of digital age and to evaluate the responses from architectural firms. In 
order to realize this evaluation, the architectural firm; Foster+Partners and its 
technological offspring Special Modeling Group (SMG) are chosen to be 
investigated. Since one of the main issues of this thesis is to stress the integration of 
design and manufacturing processes in order to generate, manipulate and produce 
complexities, the selection of the office depends on its tendencies to adjust itself to 
the current changes of the medium. The selected architectural firm will be first 
investigated through the evolution of computer in the office history. Furthermore, the 
motives behind setting up an offspring (Special Modeling Group, SMG) for 
technological support, the current agenda and design methodologies of the office 
will be discussed via case studies. 
The seventh and the last section, aims to conclude the thesis as an overall 
assessment of the new design environment enriched and challenged by digital 
technologies. Referring to all these changes under the influence of digitally mediated 
environment, this chapter aims to evaluate the current situation of the discipline and 
to question the role and position of the architect, as well as the architectural firms.  
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CHAPTER 2: ARCHITECTURE UNDER THE INFLUENCE OF DIGITAL ERA 
2.1 Introduction 
With the introduction of digital technologies both the discipline and the practice of 
architecture has gone under radical changes. One of the reasons behind these 
radical changes is the profound influence of information age and its consequences. 
As Mies van der Rohe states, architecture depends upon its time (Klinger, 2007). 
Referring to this statement, architecture in the information age is reshaping itself in a 
digitally defined environment. 
The fast and efficient information flow in the digital environment has enabled 
interaction between architecture and various disciplines. This interaction has led to 
technology transfer from other disciplines and extended the vision of architecture in 
terms of drafting, design and production. 
The intension of this chapter is to address the characteristics of Information age and 
its influences on architecture. Referring to digital technologies as the offspring of 
information age, effects and potentials of such technologies on the discipline of 
architecture will be investigated. The aim is to discuss the track of the contemporary 
architecture under the influence of digital technologies and its consequences. 
2.2 Information Age and its Consequences: Digital Technologies 
“Having abandoned the discourse of style, the architecture of modern times is 
characterized by its capacity to take advantage of the specific achievements of 
that same modernity: the innovations offered it by present-day science and 
technology. The relationship between new technology and new architecture even 
comprises a fundamental datum of what are referred to as avant-garde 
architectures, so fundamental as to constitute a dominant albeit diffuse motif in 
the figuration of new architectures.” (Morales, 1997) 
Architecture is such a discipline that can be asserted neither just to the abstraction 
of design ideas and their communication nor to the production of these ideas as the 
final built form. Architecture as a discipline covers a wider range, where it effects 
and is affected by the on going era. Both theory and practice wise, architecture 
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reshapes itself under the influence of the current century and as a consequence 
reflects the society for which it is built.  
As Zellner (1999) points out, it was the Industrial Revolution* which had an 
enormous effect on the structural logic, appearance and materiality of the most 
common building forms as a result of the new manufacturing and assembly 
processes challenged by new power and energy distribution. Just like the Industrial 
Age redefines the nineteenth century city, Zellner (1999) resembles the similar 
changes to today’s city under the influence of information revolution and states that 
digital technologies of our century are transforming the nature and the intent of the 
architectural thinking and creativity, blurring the relationships between matter and 
data, between real and the virtual between the organic and the inorganic and 
leading us into an unstable territory from which rich, innovative forms are emerging. 
The global on going era is a reflection of the Information Age** where multiplicity 
and juxtaposition of layers is dominant. This creates a new consciousness which is 
enriched by the means of technology. Yet, this multi-layer technological sort of 
environment does not only stand for communication, but more for interaction of 
various cultures and disciplines. As a consequence, the effects of Information Age 
have not only been witnessed in social and cultural aspects but also have led a 
paradigm shift in architectural design. As Kolarevic (2003a) states, the Information 
Age, just like the industrial age before, is now challenging not only how we design 
but how we manufacture and construct. The easiness and rapidness of 
transformation of data as one of the most significant advantage of the Information 
age has challenged architectural design processes and brought an awareness of 
digital technologies.  
 
* The Industrial Revolution' refers to a period of massive economic, technological, social and cultural 
change which affected humans to such an extent that it's often compared to the change from hunter-
gathering to farming. At its simplest, a mainly agrarian world economy based on manual labour was 
transformed into one of industry and manufacturing by machines. The precise dates are a subject for 
debate and vary by historian, but the 1760/80s to the 1830/40s are most common, with the 
developments beginning in Britain and then spreading to the rest of the world.The term 'industrial 
revolution' was used to describe the period by the 1830s, but modern historians increasingly call this 
period the 'first industrial revolution', characterised by developments in textiles, iron and steam led by 
Britain, to differentiate it from a 'second' revolution of the 1850s onwards, characterised by steel, 
electrics and automobiles led by the US and Germany (Wilde, 2007). 
** The current stage in societal development which began to emerge at the end of the twentieth century. 
This period is marked by the increased production, transmission, consumption of and reliance on 
information. Many consider the new role of information to be changing our social and economic 
behavior as dramatically as did the Industrial Revolution (Anon a , 2007). 
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2.3 The Merits of Digital Technologies: Computers and Computational 
Technologies as Generative Tools 
One of the undeniable advantages of digital technologies embraced by architecture 
was the ability to draw fast and produce copies of the same drawings 
instantaneously. As the active usage of the digital technologies (especially 
computers and computational design tools in the first place) increased, the 
boundaries of design processes extended from drafting to a level of creation of form. 
Today in the world of architecture, digital technologies are even more than just tools 
create form; indeed they impact the forms and environments that architects work. 
The roots of the today’s innovations of digital design are basically based on the 
processes called computer-aided design (CAD) / computer-aided manufacturing 
(CAM) technologies which are also widely used in the product design, automotive, 
aerospace and shipbuilding industries. (Kolarevic, 2003a) This also marks out that 
computational technologies utilized for different industries are working as interfaces 
and with the aid of these technologies architectural design processes has been 
reshaped. Quoting Kolarevic (2003a), CAD/CAM technologies have started to have 
an impact on building design and construction practices by enabling production and 
construction of very complex forms. 
 
Figure 2.1: An example of a dimensional model used in the shipbuilding industry 
The very basic definition of CAD/CAM stands for two techniques based on computer 
systems seeking to track and control of flow of information, material, labor etc. 
where the former refers to architectural or mechanical-engineering drawings and 
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documentations in the course of designing and producing a building whereas the 
latter stands for manufacturing processes, completely or in part (Zellner, 1999). 
To have better understanding of the reason and the significance of CAD/CAM usage 
in architecture and the impact of this sort of technologies to architectural design and 
construction processes, it is worth to have a look at other industries where 
CAD/CAM technologies are vastly use; aerospace, automotive and shipbuilding 
industry.  
Chaszar gives Boeing 777 as the most standing example of aerospace for 
CAD/CAM usage, simply because it was the first commercially produced airliner to 
be designed and documented electronically and in 3D by which vast quantity of data 
has been managed, manipulated and visualized. In the case of automotive and 
industrial design, Chaszar (2006) states that the products of these industries are 
more of utility objects which are less constrained to physical performance 
requirements in comparison to boats and airplanes, yet the techniques of CAD 
modeling, especially in rapid prototyping is relevant to architecture. 
 
Figure 2.2: The digital model of the Boeing 777 
Among all the industries mentioned above, shipbuilding industry is the most relevant 
to building design and construction. The process of coordination and connection of 
design and construction in shipbuilding industry as described by Kolarevic (2003a), 
could demonstrate an example in the sense that building industry could potentially 
integrated their services around digital technologies of design, analysis, fabrication 
and assembly. Though there exist certain differences between ships and buildings, 
similarities in terms of their complex service systems, internal organizations, 
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functional requirements, financial and material requirements, design, analysis and 
production principles are certainly undeniable. It is highly observed that digital age’s 
architecture represents itself in complex and curvilinear forms. This tendency is also 
a justification for shipbuilding industry to be a model for current architectural 
processes simply because the complexity in this industry is mostly dealt with 
comprehensive three-dimensional digital models from design to production. 
Kolarevic (2003a) refers to Frank Gehry’s Guggenheim Museum in Bilbao as a 
suitable example that made creative use of shipbuilder’s expertise.   
 
Figure 2.3: Guggenheim Museum, Bilbao, Spain 
Consequently, for today’s architecture, technologies like CAD/CAM which are meant 
for other disciplines, opens up possibilities for innovations in architectural design 
and manufacturing processes. As Kolarevic (2003a) draws attention, the interest of 
architects to re-use of technology and methods from other industries have enabled 
them to look beyond their disciplines to learn and transfer new methods and 
processes and consequently these technology transfers from other industries 
widened the scope of innovation in the practice.  
CAD/CAM technologies serve for many purposes from visual to production. To sum 
up, as Chaszar (2006) states, the features of CAD/CAM usage both in architecture 
and as well as other industries can be classified in five categories without any 
particular order; 
-Visualization – the ability to present graphical information realistically, or 
otherwise attractively or instructively, to produce physical models aiding 
comprehension of 3D forms and to animate 4D sequences 
-Computation – the ability to perform numerical or even at high speed and great 
accuracy, whether for specific solutions or a range of scenarios 
-Geometric manipulation – the ability to deal with forms of great complexity 
(perhaps hitherto intractable) or relative simplicity, arranging, generating, 
measuring , modifying and realizing them with, again as in computation improved 
speed and accuracy 
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-Standardization – the ability to faithfully communicate data from one instance to 
the next, allowing repetition of a particular design solution in recurring design 
situations 
-Rationalization – the ability to make explicit (and so editable) the decisions 
leading to particular design solutions, similar to standardization but actually 
admitting of great variability. 
Through its communicative feature, visualization acts as a major element of 
architectural representation. In the conventional architectural representation, a more 
linear and static language which consists of set of visual elements such as plans, 
section etc. is used to provide the essential degree of abstraction. With an emphasis 
on digital media and technologies, as well as the introduction of computational 
techniques, a new approach towards a more dynamic representational processed 
full of digital models, animations, diagrams, 3D prints etc. has been witnessed. 
Chaszar (2006) draws attention to these changes and states that by the help of 
variety of tools relatively to traditional drawing/drafting and model making, designers 
can develop a new ‘vocabulary of making’ throughout the whole process including 
all sort of models and documents as well as the final product. Enriched with digital 
technologies and computational techniques, visualization processes enables 
architectural representation to be more expressive throughout the design process. 
According to Kolarevic (2003a), the use of digital modeling (three-dimensional) and 
animation (four-dimensional) software has opened new territories of formal 
exploration in architecture, in which digitally-generated forms are not designed in 
conventional ways. In brief; the use of new visualization techniques challenged with 
computational environment provides a step in architectural representation in terms 
of quality, accuracy and variety.  
Other than representational aspect, visualization also refers to the realization and 
abstraction of ideas and concepts so called as architectural drawings. With the aid 
of digital technologies, as Sharples (2006) states, the difficulty of drawing complex 
geometries which can not be described by using conventional techniques can be 
resolved. 
To have a better understanding of the merits of digital technologies in visualization, 
it is worth to have a look the evolution of drawing techniques. Vidler (2000) stresses 
this issue and states that, 
Renaissance space is inseparable from the emergence of perspective 
construction in the 15th century; the straight vistas and uniform facades of ideal 
Renaissance streets, the theatrical planning of squares, the centralized volumes 
of churches and villas, all refer to a new sense of perspectival geometry, its 
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proportions calibrated according to distance and its viewing points constructed by 
the position of the eye in relation to a vanishing point.  Similarly, the introduction 
of graph paper as a design aid in the European polytechnic schools of the 
early19th century helped rationalize and standardize the planning of neoclassical 
and gothic revival buildings.  In the 20th century, the increasing use of such 
geometrical constructions [drawings] as the axonometric effectively demonstrated 
the volumetric and structural unity of buildings, opening the way for modernist 
architects like Le Corbusier to conceive of a generalized abstraction of three-
dimensional form.  In architecture, the medium may not be the message, but it 
certainly has a profound effect on the form.  
New technologies and techniques opens up endless possibilities of visualization and 
representation which in the end affect, directly or indirectly, how to conceive, design 
and built. As Vidler mentioned above, it was the perspective for Renaissance and 
today it is digital technologies to re-evaluate the concept of space and its realization. 
The ability to draw complex geometries with the aid of CAD/CAM technologies 
brought an awareness of geometrical manipulation. Geometry and mathematics has 
always been the core actor of architectural design and has been re-emphasized with 
the aid of advances in computer-aided design together with the advent digital 
technologies and performance analysis (Menges, 2006). For centuries, basic 
geometry in architectural discipline was depending highly on Euclidean geometry. 
Euclidean Geometry is an axiom system in which all theorems ("true statements") 
are derived from a finite number of axioms (Anon b, 2007). As Henderson (1983) 
states, the first four theorem of Euclidean Geometry was commonly accepted 
whereas the fifth one of “parallelism” was considered as controversial and 
consequently initiated Non-Euclidean geometry. All these changes gave birth to 
topological studies in architecture which initiated the curiosity of dealing with 
complex shapes. The further definitions and relations of both Euclidean, Non-
Euclidean geometry and topology will be dealt in the following chapter as a 
reference to current architectural design and manufacturing processes. 
The effects of this new paradigm of geometry have been witnessed vastly over 
architectural design and manufacturing processes once technological advances 
initiated computational processes. As Kolarevic (2007a) states, in this new paradigm, 
computational design tools are not only used as drafting and visualizing tools, but as 
generative devices defining the whole process, from conceptualization of design 
ideas, to their development, representation and manufacture. 
One of the reasons why the geometrical manipulation enriched with computational 
techniques has become a major tool in the discipline is that it enables manipulation 
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and production of complex shapes. According to Sevaldson (2007), these 
computational processes have eased to define and calculate complex situations 
both for designers. Thus, computational techniques work as generative tools for 
further innovations in the discipline in terms of form generation and representation. 
As Terzidis (2006) draws attention, there exists a confusion of two terms, 
computation and computerization, and he further states that computation is a 
procedure of calculating and determining something by mathematical or logical 
methods, whereas computerization is the act of entering, processing or storing 
information in a computer or a computer system. With this awareness, there is a 
tendency towards computation in the design processes, which enables geometrical 
manipulation for designers to gain a control over the rules that they personally 
define by which the design processes is shifted away from computer based to 
computation based. 
The consequence is that with the assistance of computation, as Kolarevic (2003b) 
identifies, design processes is ruled and organized by a new paradigm which is the 
departure from the Euclidean geometry of discrete volumes represented in 
Cartesian space*. He further associates departure with the common use of 
topological studies in design processes, where the definition and modification of 
continuous curvilinear surfaces. However, the increase topological studies in the 
discipline are the consequence of radical shifts in mathematics and geometry. 
The mutual interaction between mathematics, geometry and computation has 
altered architectural design practice in the sense that new approaches and 
techniques like raised. Among all the new computational techniques, the ones 
based on parametric design strategies (associative geometry, algorithmic 
procedures, scripting etc.) have not only enabled complex geometries to be handled 
but also created a link between various stages of design from conceptualization to 
production. The mathematically defined and parametrically linked design strategies 
enable to create diversity and variation with high preciseness and accuracy. The 
editability of a design solution brings forward the notion of rationalization where a 
certain design and its production depend on local variants.  
All these chances under the influence of mathematics, geometry and computation, 
has brought a new conception of space, geometry and form. In the light of these 
changes Kolarevic (2003b) defines the new realm and states that: 
 
* All the axioms of Euclid have been encoded into an abstract mathematical space known as two- and 
three- dimensional Euclidean Space (Cartesian Space) (Anon c,  2007). 
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An architecture of warped multidimensional space would move beyond the mere 
manipulation of shapes and forms into the realms of events, influences and 
relationships of multiple dimensions. 
A new design environment equipped with computation and the ability of geometrical 
manipulation, attention is placed more on the definition of process than form 
(Kolarevic, 2007a) The new computational techniques (parametric design, 
associative geometry, algorithmic procedures, scripting etc) which are based on 
relations and internal logic provides a generative structure which could be applied to 
all the stages of both the design and the manufacturing processes.  
The consequences of computational design techniques and strategies have not only 
enabled sophisticated forms to be drawn and visualized but also to be produced. 
The new computational techniques like parametric design strategies (algorithmic 
procedures, scripting) have created a link through all the phases of design by 
enabling quick transformations. With the introduction of CAM technologies, the 3D 
models produced by CAD technologies, can be produced, tested and evaluated to 
find out the optimum design solutions. In other words, the link between CAD and 
CAM processes provide an interaction through all the phases of a project where not 
only what is digitally drawn can be produced and tested but also what is produced 
can be digitally drawn.  
In the digitally equipped environment, the interest has been shift from the concern 
how to design sophisticated forms to the concern of how to realize these forms. 
Kolarevic (2003c) associates these concerns of what can be conceived and what 
can be constructed with the radical reconfiguration between conception and 
production under the influence of digital age and he (2003a) further underlines that 
the main technological issue is to develop an information model for the building 
industry that facilitates all phases of building design and construction which can 
synthesize information produced and exchanged between various parties. Here, the 
advance parametric computational techniques (associative geometry, algorithmic 
procedures, scripting etc) play a significant role simply because these techniques 
have not only enabled complexity to be handled but also provided an interface 
between designing and manufacturing.  
The preciseness of CAM technologies and the ability to produce complexity have 
brought the notion of mass customization*, in other words standardization of a  
* A process whereby small lots of individualized parts or products are produced. The 
opposite of mass production whereby large numbers of identical parts or products are 
produced. (Anon d, 2007) 
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certain product for a certain purpose. Although mass customization serves well for 
certain market needs, architectural practice seeks for variation and differentiation in 
order to broaden range of design and construction. Today, the wide usage of 
CAD/CAM technologies and the reciprocal relation between them enabled to go 
beyond standardization. As Kolarevic (2003c) defines, the rigidity of production, 
limited with standardization, prefabrication and on site installation is no longer 
necessary with the introduction of controlled machinery can fabricate unique, 
complexly shaped components.  
The possibility of creating complex shapes and ability of editing them not only 
brought a new conception of space but also raised an awareness of constructability 
of this space which forced architects to be more actively involved in production 
process. As the complexity rises, the variation and differentiation of building 
components rises, thus forcing manufacturing techniques to go beyond traditional 
techniques. Although the introduction of CAM technologies is not very new to the 
discipline of architecture, the potentialities are still there to be discovered to 
integrate design and manufacturing phases. As Menges (2006) states, the diverse 
range of current and emerging digital manufacturing processes are playing a critical 
role in the building sector and the most significant point is to provide the integration 
between the existing and the emerging to enable new potentiality both in terms of 
materiality and production strategy.  
2.4 Architects and Architecture of Digital Age 
The vast use of digital technologies, especially CAD/CAM, is regarded as a step 
forward in the discipline of architecture which opened up new environments of 
design and production. With the acknowledgement of digital technologies, 
architecture is altered in terms of expressing, representing, manipulating design 
ideas, and further more realizing them. All these changes bring up a new definition 
of architecture where “digital” is the most dominant term which refers to 
computationally based design and manufacturing processes equipped with and 
enriched by the technologies of Information Age. In other words, architecture of the 
contemporary medium is reshaping itself under the influence of digital technologies 
where the practice of architecture and the role of the architect is confronted and 
challenged by the potentials of the Information Age.  
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Kolarevic (2003b) evaluates the changes both in the discipline and the role of the 
architect and states that; 
Architects, as they have done for centuries, are trying to interpret these changes 
and find an appropriate expression for an architecture that captures the zeitgeist 
of the dawn of the Information Age, which befits the information revolution and its 
effects. 
As a consequence of Information Age where exchange and transformation of data is 
highly significant, architects find themselves in a digitally mediated environment. 
Referring to this digitally equipped environment, Zellner (1999) states that, 
computerized design and manufacturing processes have affected the way buildings 
are assembled, function and behave.  
It is through the new techniques and strategies of digital technologies that architects 
are now able to work with more complex and sophisticated forms. Yet, for today’s 
architecture the generation or representation of form is not the only concern. The 
ability to handle and manipulate sophisticated forms has led architects to question 
the possibilities of constructing these complexities. With the assistance of 
computational technologies, geometric constraints imposed by traditional techniques 
have been overcome and the gap between design and production has been bridged. 
Using the same set of information created by computational techniques both for 
design and manufacturing processes allows continuous feedback and therefore 
desires more collaboration between the designer, the contractor, the engineer and 
the manufacturer. Briefly, the integration of design and manufacturing processes 
redefines the practice of architecture both in terms of creating new kinds of spatial 
and tectonic qualities and the organization of among all the parties. 
In the contemporary medium, architecture is engaged with an impatiently growing 
era where new technologies, materials, design and construction techniques are 
arising. The challenge for the discipline is to be deeply involved in these changes in 
order to be innovative. With the introduction of digital technologies, the impact has 
been seen vastly in sophistication of form and its representation. Today, there is a 
radical shift in the discipline that the concern is to get the most out of digital 
technologies and enable the integration of conception and production. Referring to 
the challenges of the era and the interest in generation of complex geometries such 
as blobs*, Kolarevic (2003d) states that; 
 
* A blob is a soft amorphous mass which refers to metaball in computer graphic. Metaballs, in 
computer graphic terms, are organic-looking n-dimensional objects (Anon e, 2007). 
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Obviously, the blobs will not have an impact on architecture’s future if they are 
understood in formal terms alone or if they are seen as utopian architectural 
visions, as already happened in the 1960s.The challenge is to understand the 
appearance of digitally-driven generative design and production technologies in a 
more fundamental way than as just tools for producing “blobby” forms  
As previosly mentioned and will be discussed further, the innovative and generative 
use of digital technologies seeks for a logic and associativity behind to be able to 
engage design and construction. As Klinger (2007) states, a positive digital future in 
architecture requires a clearer definition of principles and skills. Thus, architects 
need to draw attention to the fundemantal basics of the discipline, such as 
mathematics, geometry and their effects on computational design. 
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CHAPTER 3: THE NEW DESIGN ENVIRONMENT OF MATHEMATICS AND 
GEOMETRY  
3.1 Introduction 
In the contemporary medium, mathematics and geometry are considered as the 
main tools that guide and shape computational design processes by enabling 
abstraction and simplification of complex forms as well as control and manipulation 
of them. The new design environment enriched with computational techniques has 
altered form generation processes to become more dependent on mathematical and 
geometrical relations. As Menges (2006a) states, with the assistance of computer-
aided design, architects are beginning to shift away from defining primarily a specific 
shape of a building to setting up geometric relations and principles that will derive 
design instances to define and transform the desired shape. Therefore, mathematics 
and geometry has a vital role in perception of space. 
As Cache (2007) states, throughout the 19th century, it was Euclidean Geometry that 
defined the geometrical, philosophical and perceptual studies where a belief in finite 
universe existed. With the introduction of counter arguments against Euclidean 
Geometry, studies on Non-Euclidean geometries started and as a consequence 
enabled new space perceptions eventually. These radical shifts in mathematics and 
geometry have provided a boost in topological studies. 
Topological studies and computational techniques represent a mutual relation by 
enabling continuous feedback throughout architectural design processes. With the 
introduction of computational techniques, complexities can be handled and 
manipulated through of topological studies. As Kolarevic (2003b) emphasizes, this 
new design environment which is defined by computational techniques and featured 
by topological studies, indicates a radical departure from conventional approaches 
simply because the digitally-generated forms are calculated and manipulated by 
topological studies.  
For further understanding of this new design environment enriched by computational 
techniques and topological studies, the evolution and radical changes in 
mathematics and geometry will be evaluated. The goal is to understand the 
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evolution of perception of space and the consequences generated by cross 
fertilization of disciplines like mathematics, geometry and architecture.  
3.2 Effects of Mathematics and Geometrical Studies on Perception of Space  
Among all the other disciplines, mathematics and architecture have always been in 
a close relationship where each have been informed by the other. Acknowledging 
this fact, Saringaros (2007) explains the history of this close relation between the 
two disciplines as below; 
Historically, architecture was part of mathematics, and in many periods of the 
past, the two disciplines were indistinguishable. In the ancient world, 
mathematicians were architects whose constructions -- the pyramids, ziggurats, 
temples, stadia, and irrigation projects -- we marvel at today. In Classical Greece 
and ancient Rome, architects were required to also be mathematicians. This 
tradition continued into the Islamic civilization. Islamic architects created a wealth 
of two-dimensional tiling patterns centuries before western mathematicians gave 
a complete classification. Medieval masons had a strong grasp of geometry, 
which enabled them to construct the great cathedrals according to mathematical 
principles... 
Today, the integration between mathematics and architecture is facing a shift with 
the integration of new computational techniques. By associating the changes and 
the evolvement of perception of space to the interaction between advance computer 
graphic techniques and the discipline of mathematics, famous mathematician 
Emmer (2007) states that mathematics is a strong element in the way we conceive 
space on earth and in the universe. 
In Webster dictionary, space is defined as “the unlimited three- dimensional realm or 
expanse in which all material objects are located and all events occur, the portion or 
extent of this in a given instance, extent or area in two dimensions; a particular 
extent of surface, a set of point or mathematical elements that fulfills certain 
prescribed conditions: Euclidean space; vector space, an interval of time” (Anon. f, 
2007). The perception of space has been altered through the history of architecture 
under the influence of the current medium’s tools and the paradigm shifts in 
mathematics. As Hewitt (1985) states, it was the perspective studies in the 15th 
century that altered the perception of space. The discovery of linear perspective in 
the 15th century led to axonometric drawings. The studies of Brunelleschi on 
perspective and the introduction of axonometric drawings of Modernism have 
altered the way space is conceived and represented. Today with the interaction 
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between new computational techniques and mathematics, the perception of space is 
going under radical changes. 
As Evans (1995) states, geometry among all the other branches of mathematics 
plays a vital role in the discipline of architecture by representing the pragmatic value 
and canonical relation between space. The fascination with new geometries opened 
new conceptions of space and perception.Studies on Non-Euclidean geometry and 
the geometry of n-dimensions, provided by exceeding three dimensions and defining 
surfaces with variable curvature, altered the perception of space (Mennan, 2003). 
These studies together with introduction of computational design techniques have 
fostered a digital medium where the importance of geometry and mathematics is 
revealed more aggressively. 
Euclidean Geometry and Non Euclidean Geometry are the basic geometric studies 
that have defined the space in the 19th and 20th century.  With the aid digital age and 
its effects on geometry and mathematics, new studies (such as topology) on space 
perception have been developed. 
3.2.1  Euclidean Geometries 
Euclidean geometry is a mathematical system attributed to the Greek mathematician 
Euclid of Alexandria (Anon. b, 2007). Euclidean Geometry is composed of 5 
postulates: 
1- A straight line segment can be drawn joining any two points. 
2- Any straight line can be extended indefinitely in a straight line. 
3- Given any straight line segment, a circle can be drawn having the segment 
as a radius and end point as center. 
4- All right angles are congruent. 
5- If two lines are drawn which intersect a third in such a way that the sum of 
the inner angles on one side is less than two right angles, then the two lines 
inevitably must intersect each other on that side if extended far enough. 
(Tolchinsky, 2003).         
For over two thousand years, the adjective "Euclidean" was unnecessary because 
no other sort of geometry had been conceived (Anon. b, 2007). Euclidean Geometry 
is the simplest type of geometry, and it furnishes the simplest description of physical 
space for everyday purposes. As Kant defined space is the form according to which 
we organize variations in what occurs to us simultaneously, just as time is the form 
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according to which we organize variations in what occurs to us in succession and as 
he emphasized Euclidean Geometry was the ultimate organization of this form of 
intuition we call space (Cache, 2007).  
The expansion of geometric concepts initially grew from the dissatisfaction with the 
Fifth Postulate of Euclid’s Theorem( Cache, 2003) The fifth postulate known as the 
“parallel postulate” has been accused of being less obvious that the other four 
postulates and studies on this fifth postulate has led to elliptic and hyperbolic 
geometry studies (Coxeter,1998). 
The application of Euclidean Geometry in architecture was the perspective drawing 
studies. The perspective drawing by Brunellesschi in Renaissance were based on 
Euclid’s geometry studies where space is assumed to extend in three dimensions 
(Burgin, 1985). 
 
Figure 3.1: Schematic representation of perspectine panel by Brunelleschi 
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3.2.2  Non-Euclidean Geometries 
Mathematicians in the nineteenth century demonstrated that it was possible to 
create consistent geometries in which Euclid’s Parallel Postulate was no longer true 
(Zellner, 1999). In other words, based on the controversy on the Fifth Postulate 
(Parallel Postulate) of Euclidean Geometry, new studies and the possibility of 
thinking of other geometries have been realized which then led to the foundations of 
Non Euclidean Geometry.   
Non-Euclidean geometry describes two main forms of geometry, hyperbolic and 
elliptic geometry, which are contrasted with Euclidean geometry. The absence of 
parallels leads to spherical or elliptic geometry, while an abundance of parallels 
leads to hyperbolic geometry (Zellner, 1999). In other words, in elliptic/spherical 
geometry (Riemann geometry) the plane is situated on the surface of a “sphere”, 
and the “line” is a circle that as the same radius as the sphere. For every two points, 
there is only one circle that connects them, thus no parallel “lines” exist and every 
infinite “line” i.e. circle, intersects every other infinite “line”. Whereas in hyperbolic 
geometry lines are hyperbolas and there is infinite number of “lines” through a 
chosen point that are parallel to a not another “line” (Kolarevic, 2003b). Briefly, in 
hyperbolic geometry (studies by Lobachevskian-Bolyai) there are many more than 
one distinct line through a particular point that will not intersect with another given 
line. In elliptic geometry (studies by Riemann) there are no lines that will not 
intersect, as all that start separate will converge. In addition, elliptic geometry 
(studies by Riemann) modifies Euclid's first postulate so that two points determine at 
least one line (Anon. g, 2007).  
What makes Non Euclidean geometries interesting from architectural point of view is 
the possibility of mapping objects between them, thus providing a different 
conceptualizing of space. Another interesting concept is the curvature of space; 
negative and positive curvature. In Euclidean geometry, ”flat” planar space occupies 
zero curvature which defines a special geometry, a special point on the infinite scale 
of bending or folding whereas in Non Euclidean geometries; such as Riemannian 
Geometry, conception of space are simply instances on a sliding scale of formal 
complexity. Therefore, depending on the parameters that define the geometry, a 
blob and a box can transform into each other (Kolarevic, 2003b). 
Studies on curvature have effected the conception of space from architectural point 
of view. Albert Einstein’s Theory of Relativity showed how Newtonian physics, 
based upon on Euclidean geometry failed to consideration curvature of space 
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(Kolarevic, 2003b). According to Einstein’s studies, the idea of the fourth dimension 
is based on the curvature of space (Born, 1965). Studies on n-dimensions and the 
“Theory of Relativity”* guided the fourth variable of space instead of three where 
time is considered as the fourth dimension (Henderson, 1983). As Kolarevic (2003b) 
points out the interaction between space and time may carry the definition of space 
from mere manipulations of shapes and forms to the realms of events, influences 
and relationships of multiple dimensions. 
3.3 Geometry and Mathematics in Digital Environment 
With the introduction of computational techniques, the relation between geometry, 
mathematics and architecture has been altered. The challenges brought by 
computational techniques enabled possibilities of working with complex geometries 
(such as double curved surfaces) and designers are freed from the constraints of 
Euclidean Geometries.  
A significant issue enabled by digital age is that, computational techniques have 
established a design environment where the emphasis shifted from form making to 
form finding. Thus, architects started to work with relation based logics, which have 
introduced topological studies to architecture. Working with topology enabled a 
technique where the act of geometry and mathematics are not depending on metric 
relations. Yet, as it was the nature of topological entities, the role of mathematics 
and geometry in design has maintained a relation based logic under the influence of 
computational environment. Consequently, these alterations in perception of space 
and the role of mathematics and geometry have affected the performance 
requirements of computational tools. As it is stated by Sorguç (2007) the first 
generation of Computer Aided Tools are now replaced by highly sophisticated 
design tools including the potentials of new technologies. With the aid of such tools, 
what is drawn and how is drawn throughout the design process is altered by 
enabling complexities to be easily and effectively handled.  
Briefly, topological studies have introduced new ways of working with geometrical 
and mathematical relations. In order to further understand the effects of geometry 
and mathematics in the digital age and the new space perception created by 
paradigm shifts in such disciplines, topological studies and its tools in computer 
aided design will be discussed in the following section of the chapter. 
 
* Theory of motion and energy developed by Albert Einstein in the 20th century. 
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3.3.1 Topology and its Effects in Architecture 
Topology is the branch of mathematics that studies the properties of geometric 
figures generated under continuous transformations (Gausa, 2003). Topology 
studies the properties of objects independent from their size and form. It deals with 
properties that do not have any magnitude. In other words, while classical geometry 
talks about sides and vertices and observes each element isolated, topology 
considers the relation between the objects to be more important than the objects 
themselves (Soriano, 2003). 
Cache (2007) states that topology enables to focus more on fundamental properties 
from which our Euclidean intuition is distracted by the metric appearances and as he 
further defines topology as focusing on what is left after transformation. Referring to 
the transformations and the characteristics of topology, the relation and connection 
between objects play a vital role on form generation where different figures can turn 
into each other after several operations. Based on this fact, Di Cristina (2001) states 
that an ellipse, a triangle and a square, or even a cube, a cylinder and a cone are 
considered as being topologically equivalent.  
 
Figure 3.2: Topologically equivalent figures 
Being able to work on relation/parameter based logic enables generation of similar 
topological properties through different geometrical definitions. Accordingly, the 
effect of topology in architecture becomes more obvious as the emphasis shift away 
from particular forms of expression to the relations that exist between and within an 
existing site and program as the interdependencies become structuring, organizing 
principle for the generation and transformation of form (Kolarevic, 2003b).  
Referring to the common misunderstandings, Marcos Novak points out that, 
topology does not mean curved surfaces, but is the study of geometrical properties 
that remain unchanged when figures undergo continuous transformations 
(Kolarevic, 2003b). Therefore, topological properties are qualitative and non 
numerical which concern general and fundamental characteristics of space. As a 
consequence topological studies reflect the properties of spatial relationships of 
proximity-closeness, interior-exterior, openness- enclosure, connection-separation, 
continuous-discontinuous and etc. (Di Cristina, 2001).  
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Möbius strip* and the Klein Bottle** are topological structures where the boundaries 
between what is interior and what is exterior is blurred, therefore an architecture that 
avoids the normative distinctions of “inside” and outside” is defined. Referring to the 
properties of these two structures Kolarevic (2003b) states that: 
What makes topology particularly appealing are not complex forms, such as the 
Möbius strip, but the primacy over form of the structures of relations, 
interconnections or inherent qualities which exist internally and externally within 
the context of an architectural project (2003b). 
 
Figure 3.3: Klein Bottle 
 
*The Möbius Strip is named after the German mathematician, August Ferdinand Möbius, who first 
published the single-sided figure in 1865. It is a two-dimensional surface with only one side which can 
be simply constructed by connecting two ends of a twisted linear strip. Although, it is a two-dimensional 
surface with only one side, but it has been constructed in three dimensions (Coxeter, 1998). 
 
 
**The Klein bottle is a one-sided closed surface named after Felix Klein. A Klein bottle cannot be 
constructed in Euclidean space. The Klein bottle is a closed non-orientable surface of Euler 
characteristic (equal to 0) that has no inside or outside. It is best pictured as a cylinder looped back 
through itself to join with its other end. However this is not a continuous surface in 3-space as the 
surface cannot go through itself without a discontinuity. It is possible to construct a Klein bottle in non-
Euclidean space(Coxeter, 1998). 
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 Figure 3.4: Möbius Strip 
As Kolarevic (2007b) states the key element of topological tendencies in 
architecture is extensive use of rubber sheet geometry of continues curves and 
surfaces, mathematically described as NURBS. Non-Uniform Rational B-Splines 
(NURBS) are the most commonly used tools that enable complexities to be handled. 
NURBS are defined mathematical representations that can precisely model any 
shape from simple two-dimensional lines, circle etc, to the most complex three- 
dimensional free forms (Zellner, 1999). The shape of NURBS can be changed by 
manipulating control points, associated weights and knots. By using minimum 
amount of data and relatively few steps for shape computation, they provide efficient 
data representation of geometric forms, (Kolarevic, 2003b).  
 
 
Figure 3.5: The shape of a NURBS 
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Consequently, topological studies together with computational techniques alter the 
conception of design and enables flexibility in architecture. Based on the shifts 
towards the relations among objects, topological studies change conception of 
space and foster techniques of design that are based on relations, connections and 
variations. Being able to work with complex surfaces with the aid of computational 
tools and manipulate these complexities open up new visions in architecture. 
3.4 The Influence of Mathematical and Geometrical Paradigm Shifts on 
Computationally Defined Architectural Design Processes  
Geometry and mathematics have always played a vital role in architecture from 
space definition to form generation. The paradigm shift in discipline of geometry and 
mathematics have led changes in perception of space and enabled awareness of 
surface relations. With the introduction of topological studies, and the shifts in 
geometry and mathematics, new definitions of form making processes have been 
established.  
Cache (2007) questions the consequences of this evolution in mathematics and 
geometry for architecture and points out the consideration of computer role as a tool 
which effects the perception of space. As the use of computational technologies 
increased in the discipline, a mutual relation is established among such technologies 
and topological studies. While complexities can only be handled and generated by 
computational techniques, computational design concepts rely on topological 
transformations. This mutual relation has provided a new tendency in architecture 
which is described by Kolarevic (2003b) as a radical departure, where conventional 
approaches to architectural design are replaced with digitally generated forms and 
their topological attempts. 
Consequently, topological studies provides a dynamic design process where a 
continuous evolution of form takes place. This evolution of form higly depends on 
the relations and interactions where such relations are facilated by the means of 
computational design techniques such as parametric approaches. Parametric 
appraches which will be discussed in further chapters, enable definition of space 
through sets of equations that are open to modifications.With the guidance of such 
techniques, complex topological relations can be defined. 
With the introduction of computational technologies, the design processes have 
been freed from formalistic and conventional techniques.However, Bernard Cache 
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(2007) describes computational architectural studies as still depending on the 
Cartesian coordinate system and Euclidean geometry and states that: 
As far as technical applications are concerned, such as architecture, the digital 
age is still deeply Euclidean and will probably remain so for all the good reasons 
we have rehearsed. For instance, as CAD software becomes parametric and 
variational, designers can start to implement topological deformation into 
Euclidean metrics, which means that you can now stretch a model, and still 
maintain control of its metric relations. What will probably happen is that, one day 
or another, CAD software space within projective geometry.  
Whether depending on conventions of Euclidean Geometry, the computational 
technologies offer dynamic processes that alter perception of space and design 
processes by focusing on relation based logic. In a process defined by parameters, 
and transformations, architects provide set of relations to generate form. This 
network of relations blurs the distinction between different phases of a design and 
provides a coherent design process where the geometrical relations play avital role. 
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CHAPTER 4: DESIGN PROCESSES OF COMPUTATIONAL ENVIRONMENT 
4.1. Introduction 
“Computation is about the exploration of indeterminate, vague, unclear, and often 
ill-defined processes; because of its exploratory nature, computation aims at 
emulating or extending human intellect. It is about rationalization, reasoning, 
logic, algorithm, deduction, induction, extrapolation, exploration and estimation. In 
its manifold implications, it involves problem solving mental structures, cognition, 
simulation and rule based intelligence, to name a few.” (Terzidis, 2006) 
Recent developments of digital technologies, CAD/CAM technologies in particular, 
has altered the design processes and enabled computational techniques to be used 
more dynamically as tools of form generation. As Terzidis states above, the concern 
of the current medium is the exploration of logic and relation based design 
processes. In other words, instead of generating sophisticated forms, architects tend 
to create internal logics that are informed by various forces and contexts. Therefore, 
the current digital media is used not only as a visualization tool but as an innovative 
device that provides analysis and evaluation of procedures, thus enables 
considerations beyond pure aesthetics. 
Unlike the static characteristics of conventional design processes, computation 
techniques of the digital age offer a more dynamic and variation based form finding 
processes. As Rocker (2006) states, computation enables emergence of form and 
space independent of traditional constraints, and thus allows alternative formal and 
spatial conceptions, which at the same time decode and recode architecture. 
The digital media and its technologies have opened up new visions and inspirations 
for architectural design processes. With the advance use of computation, architects 
discovered geometrical definitions other than Euclidean Geometry. As the ability to 
use computational techniques increased, new form generation techniques raised 
based on various concepts such as animation, kinematics, data flow, biology, 
genetics, algorithms etc. Consequently, the techniques of computation based 
architecture provided a wide range of form generation and manipulation.  
Among all the other techniques, parametric design approaches like algorithmic 
procedures, associative geometry studies, scripting techniques has introduced a 
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new approach depending on variables and constraints which in the end promises a 
unified design and production process. In other words equations and relations used 
in such techniques enable linkage between various components of a certain design. 
The ability to transform and manipulate such model defined by relations provides 
instant variations which enables testing of all the possibilities of a particular design 
in a wider range. Referring to the capability of updating itself, such models created 
by any of the parametric design techniques, work as an interface for different stages 
of design, blur the boundaries between design and manufacturing processes and 
establish a continuous process within a project. 
The scope of this chapter is to reveal the tendencies and draw the contour of the 
design processes of the current medium by addressing the new techniques of 
computation. Yet, the intension is not merely defining the current approaches in 
computational design but also to distinguish the techniques (parametric design 
strategies) that promise a more unified design and production processes and more 
importantly to stress the significance of such techniques amongst the rest. Briefly, 
starting with the characteristics of computational environment, the new design 
techniques will be described. Detailed description of parametric design strategies 
which promise a unified process will be followed by an overall evaluation and the 
chapter will be concluded by focusing on the potentials of parametric design 
techniques and their effects on production processes. 
4.2. Architecture of Computationally Defined Medium 
In the current medium, the innovative sources of digital media are changing the 
visions of architectural design processes and introducing emergent form definitions 
via computational technologies. Kolarevic (2003b) describes this new environment 
of design where digital media is not only used for representational purposes but also 
for form generation, as digital morphogenesis. In this new medium, architectural 
design is shifted away from depending on conventional techniques and is actually 
realized through generative computational techniques. As it is stated by Luca and 
Nardini (2002), under the influence computational technologies, architecture is 
passing through a pioneer phase towards a mature phase where the challenges of 
digital era have been explored and translated into tectonics and material.  
With the increased ability to use of computational technologies, the architectural 
design processes and form generation strategies have started to get influenced by 
various dynamic forces and contexts that have replaced conventional approaches 
towards design. As Bart Lootsma states, the strategy of the current medium should 
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be to infiltrate architecture with other media and disciplines to produce crossbreed, 
instead of trying to validate conventional architectural thinking in a different realm 
(Zellner, 1999). This crossbreed process defined by Lootsma could be realized 
through generative techniques of computation. The intension of these techniques is 
to provide form finding processes inspired and informed by surrounding dynamic 
contexts. In other words, such techniques of computation not only enable complex 
geometries to be handled but also provide opportunities for generative strategies of 
form finding to be explored and raise questions towards the challenges of digital 
future. 
Briefly, as it is defined by Kolarevic (2007b) computation based architecture refers to 
computationally form generation and transformation processes. In the current 
medium, computational architectures are defined by various underlying concepts 
such as; motion, animation, kinematics and dynamics, metamorphosis, isomorphic 
surfaces, data flow, datascapes and informative resources, genetics and 
parametrics. All the design techniques of the digital medium that enable new form 
generation processes are derived from such concepts and they demonstrate a 
frame that provides an understanding of the current medium’s design approaches. 
These techniques will be discussed and exemplified in the following section of the 
chapter. 
4.2.1. New Techniques and Strategies of Architectural Design Processes in the 
World of Computation 
Architectural form is not only pure manifestation of geometrical relation based logic, 
but also should carry responsive and transformative characteristics to the external, 
gradient fields of forces (Kolarevic, 2003b). One of the significant forces that have 
altered architectural design is the introduction of time as a fourth dimension to form 
generation processes. The very first of usage time as a concept in architecture was 
in terms of animation based processes serving mainly for representational 
purposes. Greg Lynn as one of the pioneer architects has altered the medium of 
animation from representation to form generation (Kolarevic, 2003b). The use of 
animation software has inscribed duration and motion into static form and thus 
enabled an architecture that is continuously evolving itself through motion and 
transformation (Zellner, 1999).  
While giving the definition of animation Lynn (1999), describes the difference 
between motion and animation and states that motion implies movement and action, 
whereas the term animation stands for the evolution of form and its shaping forces. 
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Referring to the common hesitation of architects towards the use of animation and 
misunderstanding between the two terms animation and motion, Lynn  
(1999) argues that the primary usage of motion in architecture through cinematic 
model of space has assigned architecture a role of static frame through which 
motion progresses. In such model force and motion has been eliminated from form 
articulation and re-introduced later on, after the fact of design, via techniques of 
optical procession. Unlike cinematic model, today’s animation software allows co-
presence of motion and force at the moment of formal conception and thus promises 
dynamic architectural design processes (Lynn, 1999).Consequently, the use of 
animation software in design processes enable form evolution under the influence of 
various forces within relation to time factor. The most common techniques that are 
used in the motion based modelling for form generation processes are kinematics 
and dynamics.  
Kinematics studies the motion of an object or a hierarchical system of objects 
without consideration given to its mass or the forces acting on it. As motion is 
applied, transformations are propagated downward the hierarchy in forward 
kinematics, and upward through hierarchy in inverse kinematics. Greg Lynnn’s 
project called House Prototype In Long Island is an example of inverse kinematics 
under teh influnece of site related forces (Kolarevic, 2007b). 
The technique called dynamics takes into consideration the effects of forces on the 
motion of an object or a system of objects, especially of forces that do not originate 
within the system itself. In other words, in dynamic smilation both the physical 
properties of objects, such as mass (density), elasticity, static and kinetic friction  
and the forces applied  (gravity, wind etc)are defined, collision detection and 
obstacles (deflectors) are specified in order to compute the  simulation. The bus 
terminal in New York by Greg lynn demonstrates an example using particle systems 
to visualize the gradient fields of “attraction” present on the site, created by 
theforces associated with the movement and flow of pedestrians, cars, and buses 
on the site (Kolarevic, 2007b). 
 
Figure 4.1: Bus terminal in New York by Greg Lynn 
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 Figure 4.2: House in Long Island by Greg Lynn 
Besides motion based techniques, animation software also enables further 
exploration of formal transformations of objects. In other words, by adding fourth 
dimension (time) to the deformation processes, animation software provides 
observation of metamorphosis of both the space and the form of the object The 
most common techniques that are used in metamorphosis of a form are keyshape 
(keyframe) animation and morphing (Kolarevic, 2003b). 
The creation of an animation is the production of the sequential series of 
transformations and keyframes represent the important moments of an animation 
(Luca & Nardini, 2002). In keyframe animation, different states of an object are 
located separately in time, and the aim of the software is to compute through 
interpolation a smooth, time encoded transition between them. Either a single 
interpolated state or interpolation as a technique could be used to observe transition 
of a form (Kolarevic, 2003b). 
Morphing derived from metamorphosis but is actually refers to a different process 
than metamorphosis in which an object changes its form gradually to obtain another 
form that is different in appearance, character, condition or function (Terzidis, 2007). 
Kolarevic (2003b) defines morphing as new form generation technique in which 
dissimilar forms are blended to produce a range of hybrid forms that combine formal 
attributes of the “base” and “target“ objects. Kolatan and Mac Donald Studio has 
employed such technique in their projects in order to produce space which they 
characterize as chimerical* hybrids (Zellner, 1999). The Ost/Kuttner Apartments 
project is an example where they have designated cross sectional profiles of 
household furniture like bed, sink, sofa etc. as base objects of morphing and then by  
cross-referencing these objects new hybrids are generated which provides a  
 
*Chimera is represented in the form of a three-headed, fire-sweeping, fearsome beast, a monstrous 
configuration of parts of a lion, a goat and a serpent in Greek mythology (Kolatan, 2003).Chimera can 
also refer to an individual organ or biological element that consists of genetically diverse tissue, often 
combined through the process of grafting (Zellner, 1999). 
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chimerical condition between furniture, space and surface (Kolarevic, 2003b). As 
Zellner (1999) points out, while explaining the characteristics of their work, Kolatan 
and Mac Donald states that the technique of producing chimerical hybrids differ from 
any other technique like collage, montage etc. While such techniques work as an 
assemblage that could be broken down into parts later, chimerical hybrid on the 
other hand, establishes a union between distinct elements that is indistinguishable 
and thus irreversible. 
 
Figure 4.3: Ost-Kuttner Apartment-Chimerical Hybrids 
Besides techniques like key framing or morphing, other techniques for the 
metamorphic generation of form consist of deformations of space around an object 
using bounding box, spline curve or a path where the shape of the object 
correspond to the changes in the geometry of space (Kolarevic 2003b). 
All the techniques described above represent form generation processes that are 
influenced and manipulated through fields of forces surrounding them. Besides the 
techniques that generate form through the influences of force fields, designers could 
also visualize the shape of the force of fields by working with isomorphic 
polysurfaces. Isomorphic polysurfaces refer to a class of topological geometric 
types that are used to model complex aggregates. In software terms isomorphic 
polysurfaces are called as “meta-clay”, “meta-ball” or “blobs”.  
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 Figure 4.4: Isomorphic polysurfaces-the interacting “drops of water” (blobs) 
 
Figure 4.5: BMW-Pavilion by B. Franken-Translation of figure 4.4 into built form  
 
Such objects are defined with a centre, a surface area, a mass relative to other 
objects and two types of fields of influence. The volumetric characteristics of meta-
balls is composed of an inner volume that defines a zone where a meta-ball can 
connect with another meta-ball to form a single surface, and an outer volume that 
enables a zone within which other meta-ball objects can influence and inflect the 
surface of the meta-ball object. There are two fields of influence (fusion and 
inflection) surrounding these objects that enable interaction and creation of new 
forms by either allowing fusion into each other or providing inflection of individual 
surfaces due to impact of the influence in between (Lynn, 2003). Referring to the 
significance of influence in the generation of blobs/meta-balls, Kolarevic (2003b) 
points out that as the location and intensity of fields of influence vary, the isomorphic 
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surfaces shift or move and create new variations. Briefly, such objects establish 
interactive membranes which generate new forms through mutual influence and 
contact with each other or in other words, isomorphic polysurfaces refer to a single 
surface that is a result of interaction and assemblage of many internal fields which 
defines the complexity of the object. As Lynn (2003) points out that the level of 
complexity resulted from the interaction in between is the key factor that constitutes 
the geometrical definition of an object. In this respect, the difference between a 
sphere and a blob is that a sphere is a result of very low interaction and is actually a 
blob without any influence.  Consequently, depending on the degree of complexity 
and interaction, isomorphic surfaces open up possibilities to generate new variations 
and enable operations in a dynamic and fluid design process. 
As it is stated earlier, external forces of the surrounding context and their mutual 
interaction can be used as techniques in order to generate form. According to D’arcy 
Thompson, physical form is the resolution at one instant of time of many forces that 
are governed by the rates of change (Kolarevic, 2003b). Referring to this statement, 
it could be argued that flow of data could also be used as a stimulus for form 
generation. Data in the information Age has become a key factor for the discipline of 
architecture that shapes design processes by enabling an architecture that is 
informed by functional, environmental, social and economical entities of its medium. 
In other words, buildings and projects are conceived within complex web of planning, 
regulations, constraints and conditions which operate in a dynamic socio-political 
context that has its own force fields.  Based on informational potential of various 
forces and web of the interactions among them, the Dutch firm MVRDV has 
pioneered the concept of datascapes which is defined as the visual representation 
of quantifiable forces that influence or impact the conception and the development of 
design projects (Kolarevic, 2003b). Referring to the definition form and its 
development process, Winny Maas (2003) describes the argument of datascapes 
and states that: 
Under maximized circumstances, every demand, rule or logic is manifested in 
pure and unexpected forms that go beyond artistic intuition or known geometry 
and replace it with “research”. Form becomes the result of such and extrapolation 
or assumption as a “datascape” of the demand behind it. It shows the demands 
and norms, balancing between ridicule and critique, sublimizing pragmatics. It 
connects the normal and the moral behind it, it constructs a possible argument. 
Artistic intuition is replaced by “research”: hypotheses that observe, extrapolate, 
analyze and criticize our behaviour. 
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MVRDV’s approach to architecture can be described as a form of research. The 
technique, datascapes, that they use involves charting, diagramming of all visible 
and invisible factors (building regulations, legislations etc.) that play a role in design 
and construction processes (Annon. h, 2007). As Kolarevic (2003b) describes, the 
technique of MVRDV conceals the production of different datascapes for different 
influences and depending on the selected context, these datascapes are 
superposed to create spatial envelopes that would enable genesis of an 
architectural project. Consequently, datascapes not only demonstrate a new 
concept that allows evaluation of social, environmental, cultural and political fluxes 
in built environment but also establish a technique of form generation that consists 
of juxtaposition of various entities, diagrams etc. Pointing out the likelihood outcome 
of superposition of datascapes as apparent architectonic qualities, Kolarevic (2003b) 
states that the challenge in such technique is to avoid literal translation of diagrams 
of contextual flows/forces into architectural form. 
Another inspiration source for form generation in the current medium is the genetic 
coding of living organisms. The emphasis of the use of genetic coding is not the 
external form but the articulation of the inner logic (Kolarevic, 2003b). In other 
words, the concept behind using genetics in form generation is to observe 
evolutionary processes. Evolutionary refers to systems, actions or processes that 
are capable of growing and developing (Gausa, 2003). As described by Frazer, in 
evolutionary processes of form generation, concepts are described in a genetic 
language (genetic algorithm) which produces a code script of instructions and 
computer models are used to simulate the development of prototypical forms which 
are then evaluated on the basis of their performance in a simulated environment 
(Kolarevic, 2007b). In other words, the goal of the evolutionary computation is to 
instrumentalise the natural processes of evolution and growth, to model essential 
feature of emergence* and then to combine these  within a computational framework 
(O’Reilly, Hemberg & Menges, 2004). As it is stated by Kolarevic (2003b), during the 
generative design processes based on genetics and biological metaphor, the variety 
is achieved through different processes of reproduction. Consequently, the internal 
logic of biology, genetics, evolutionary processes serve as the new concepts of 
architectural design where dynamics of mutations, selection and reproduction work 
as strategies of form generation. 
 
* emergence is both an explanation of how natural systems have evolved and maintained themselves, 
and a set of models and processes for the creation of artificial systems that are designed to produce 
forms and complex behaviour (The emergence and Design Group, 2004). 
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Figure 4.6: “Pseudo-Organisms” by J. Frazer-Experimental evolution of form by 
interaction with actual visitors and environmental sensors 
Another technique that uses coding as technique in form generation is parametric 
design. It is the parameters that enable various configurations of an object which 
are open to instant manipulations and transformations. The detailed description of 
parametric design strategies and the characteristics that differentiate it from any 
other computational techniques will be discussed further in the chapter. 
4.2.2. Parametric Design Strategies 
Architecture is a discipline which updates and develops itself through the certain 
rules and systems of its time. Rocker (2006) defines this family of system and rules 
which are dominant at all stages of architectural production (both is the form of 
drawing and design conventions) as codes of architecture. As he further points out, 
throughout the history, architecture has been bound and shaped by changing codes 
and constraints, and neither architecture nor its media (from pencil drawings to 
physical models, computer renderings to the built projects) will ever be free of codes. 
The radical changes in geometry and mathematics has altered the perception of 
space in architecture, enabled the notion of topology in architecture and provided 
opportunities to work with complex geometries. The introduction of computer 
technologies and the effects of influential studies in geometry and mathematics 
fostered the interest in working with complexities. In order to work with such 
complexities, the discipline of architecture has adopted itself to a different system of 
codes where the great influence of computer technologies has been witnessed.  
 37
This challenging new design environment has redefined the role of computational 
technologies. Computational technologies are no more utilized merely for the 
representation of the end product, but instead are more actively involved in all the 
phases from design to manufacturing. Consequently, coding in architecture, as 
Rocker (2006) describes, has gone under significant changes once computer based 
technologies were introduced to the discipline. In other words the arrival of 
computers extended understanding of code in architecture and turned it into a set of 
instructions written in a programming language. As a result, writing code and set of 
instructions, with the aim of generating architecture has altered and formalized both 
the design process and the design.  
In this new code or language of architecture, it is the use of computer technologies 
that provides opportunities to work with more complex relations through 
mathematical equations and parametric relations. With the aid of new computational 
tools, the geometrical codes of a model can be structured by which the significance 
of the creating form fades away and the design becomes process oriented rather 
than form. In other words, computational design tools structures the whole process 
of design and bases this process on numerical relations/parameters by which a 
model becomes responsive to instant manipulations. 
As Terzidis (2006) describes, the dominant mode of computerization in architecture 
today becomes the direct application of already conceptualized ideas in designer’s 
mind on relation based principles. This relation/parameter based design process not 
only provides instant changes in the process without any extra work, but also 
constitutes a synthesis between different phases. This synthesis depends highly on 
the assistance of equation and parameter based coding. In other words, the 
computationally based design environment enables the conception, production and 
representation of a design through the same medium. Kolarevic (2003c) describes 
this situation as a new digital continuum where a direct link from design through to 
construction exists. Owing to this continuity between phases, it is possible to define 
a changing relation between the process and the product.  
Consequently, this parameter based computation is presenting a generative digital 
process which opens up conceptual, formal and tectonic explorations (Kolarevic, 
2007a) .The active involvement of the designer to the all the phases and the 
continuous evolvement in the whole process breaks down conventional techniques 
and introduces a non-linear, non-static process of design and production. 
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Going back Rocker’s statements, architecture under the influence of parameter 
based computation, is recoding itself. Departing from conventional design 
processes, a constantly evolving series of processes dominate over the discipline. 
Depending on relations, parameters and equations, a new language of design is 
born where, as Kolarevic (2003b) defines, the stable is replaced by the variable, 
singularity by multiplicity. 
In this medium, the advance use of digital tools affects the abstraction of ideas and 
changes the medium of drawing profoundly. In other words, computation and its 
application to other phases (such as production processes), causes a remarkable 
change in the way how things are drawn and what for (Norman & Tilder, 2007). This 
remarkable change depends highly on the characteristics of digital design tools and 
effects of computation. As Szalapaj (2005) describes, digital design often involves 
the expression of relationships between interconnected and dependent parts of a 
proposed design schemes. In software terms, such relationships refer to parametric 
expressions between objects.  
Parametric modelling provides a method where a design is stored by a principle 
shape description and parameters for the dimensions and/or topology. As the 
assigned values change, the system will automatically generate a design variant to 
support the generation of design variations (Roller, 1994).In other words, parametric 
modelling method support from generation through variations and provide powerful 
conception of architectural form by describing a range of possibilities. Using 
parametrics, it is possible to create infinite number of similar objects, geometric 
manifestations of a previously articulated schema of variable dimensional, relational 
or operative dependencies. When those variables are assigned specific values, 
particular instances are created from potentially infinite range of possibilities 
(Kolarevic, 2003b). In other words, parametrics depend on expressions that involve 
mathematical and geometric constraints which react automatically to changes and 
manipulations. Consequently, as Szalapaj (2005) points out, parametric modeling 
techniques can be used to integrate the development of design schemes, rather 
than modeling components separately or individually. 
Acknowledging these characteristics, the difference between parametric modeling 
framework and conventional CAD modeling approaches can be defined as 
substantial. As Bridges (1992) describes, in the conventional design process, each 
drawing is structured individually meaning that all the segments of a drawing works 
independently from each other which in the end requires more effort for re-drawing 
or re-modelling. Furthermore, just like Bertol (1996) describes, a conventional CAD 
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system inherits a rigid approach whereas parametric or more sophisticated CAD 
systems drawings do not refer to concluded objects but have their own existence 
meaning that they are open for instant changes and work through variations.  
This new design environment not only affects how things are drawn but also alters 
the nature of the architectural practice. As Menges (2006) states the arrival of 
parametric digital modeling changes digital representations of architectural design 
from explicit geometric notation to instrumental geometrical relationships. This 
results in possibilities to work with complex geometries. The advanced software 
tools enable working with complex curves and surfaces through parametric 
relations, thus frees the designer from primitive geometric definitions like lines, arc, 
spheres etc. (Mitchell, 2003). Giving priority to geometric relations and principles, 
conventional design is altered and design processes is shifted away from shape 
oriented approaches to responsive design instances under the influence of new 
computational techniques. Consequently, this leads to a more flexible and 
experimental design environment. Referring to parametric design strategies and this 
new flexible design Aish and Whitehead explains their views as the following: 
Buildings are collections of objects. If the design changes, as it will and should do 
then theses collections objects have to respond. The content of the collections 
will change and the individual members of the collection also have to respond 
uniquely to changes in their specific context. If we wish to support a flexible 
approach to design, then this requires that the concept of flexibility and 
responsiveness is programmed in from the very initial thoughts about the 
application, and then this concept has to be consistently implemented (Menges, 
2006a). 
Briefly, new computational techniques enriched with parametric strategies offer a 
more flexible and control based design environment where the challenge is to keep 
a consistency from the initial thought until the end product in order to keep an 
improving and efficient workflow. In doing that, parametric design approaches have 
various techniques like associative geometry applications, algorithms and scripting 
depending on the nature of the design. 
 4.2.1.1. Associative Geometry 
Associative design is generally understood as a parametric design technique using 
metric parameters to create an infinite numbers of variations. It is a technique based 
on associative geometry. Such geometries describe the relationship between 
various assemblies and constitute a design object as a mutually linked geometrical 
construction (Berlage Institute Research Report No: 8, 2006).This ability to form 
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associations between entities has especially useful opportunities for formalizing 
design, as these relationships can be revisited and revised (Burry, 2003). 
In an explicit geometry model, there is  no link established among the components 
of the model. Thus, as it could be observed in Figure 4.7 when the sphere moves, 
the line connecting the sphere and the box stays in the same place as it was. In a 
parametric model, the elements within the model are linked, therefore just in the 
Figure 4.8, when the sphere moves; the line behaves accordingly and might change 
in length. In an associative model the elements are linked to each other in terms of 
geometrical relations. In other words, as in the Figure 4.9, the sphere is linked to the 
box in terms of variable “x“ that represents the size of a side of the box. Thus, when 
the value of “x” changes, the size and the position of the sphere changes 
accordingly. In addition to this relation another level of associative could be add to 
the model. Just like in Figure 4.9 the cone is tied to the relation between the box and 
the sphere changes, thus when one changes the other adopts itself. 
Basically, the basic principle of this technique or its vital parameter is the geometric 
configuration of the model and the dependencies in between. Therefore as Yessios 
(2003) describes, in such technique geometry does not function as a static measure 
of invariant characteristics, in contrary demonstrates a plane of consistency where 
transformations and deformations may occur. Setting up a hierarchy between all the 
agents defines the characteristics of associative model, designates relations among 
all the entities and allows control over transformations. 
Bernard Cache (2003) defines such relations between the elements of a single 
model as the first level of associativity. Demonstrating a link between different 
models/files that are already constructed out of geometrical relationships exhibits a 
full associative design process. This fully associative characteristics between 
various files links design and manufacturing processes where instant manipulations 
are transformed in between the files in order to realize subsequent changes. 
The work of Mark Burry on Sagrada Familia exhibits a full association. As it is stated 
by Burry (2003) the parametric model created not only allowed complex geometries 
of Gaudi to be handles, but also enabled manufacturing processes to be realized 
from the same model. The use of associative geometry allowed for rapid and flexible 
design synthesis and experimentation both drafting and construction wise. 
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 Figure 4.7: Explicit geometry modeling 
 
 
 Figure 4.8: Parametric modeling 
 
 
 Figure 4.9: Associative geometry modeling 
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4.10: Digital model of clerestory window-Nave roof of Sagrada Familia 
 
 
 43
Briefly, associative geometric models constitute mutually connected elements which 
demonstrate various design solutions as a consequence of applied transformation. 
The flexibility set up between geometrical relations allows instant experimentations 
that would supply a feedback between design and construction. 
4.2.1.1. Algorithmic Processes 
Another means of working with parametric design is through algorithmic procedures. 
An algorithm is a process of addressing a problem in a finite number of steps which 
covers the linguistic expression of the problem arranged into grammatically and 
syntactically correct statements. This linguistic articulation not only describes the 
problem and its steps but also communicates the solution to another agent for 
further processing (Terzidis, 2006). In other words, as Terzidis (2006) describes, this 
agent in the world of computers is the computer itself and the algorithm is the 
mediator between the human mind and the computer’s processing power. Based on   
this interaction between the computer and the human mind, the computer is no 
longer is used as a tool for representation, but as a medium to conduct 
computations. Acknowledging this interaction, Rocker (2006) states that in the world 
of computation, architecture emerges as a trace of algorithmic operations which 
challenge both design conventions and some of people’s basic intuitions by enabling 
explorations of computation’s genuine processes and their potential for the 
production of architecture. 
Consequently, algorithmic procedures alter the design environment and enable 
designers to be more actively engaged in various processes. As Kolarevic (2003b) 
describes, the designer of this medium perceives algorithmic procedures as a 
generative tool responding to every phase from form generation to manufacturing. 
Referring to this generative characteristic, Terzidis (2006) states that algorithmic 
strategies involve deduction, induction, abstraction, generalization and structured 
logic and utilize the search for repetitive patterns interchangeable modules and 
inductive links. He further compares algorithmic procedures to the steps in a recipe 
and states that if the steps are reversed or more steps added or deleted, alternative 
recipes may be created that would produce different results. In other words, 
algorithmic procedures as a parametric design strategy allow an interactive process 
that is based on a logic which is structured out of scripts and codes that are open to 
instant manipulations. This adaptable model based on the parameters of a script, 
not only serves outcomes as a response to the changes but also allows selection or 
elimination of potential solutions. Algorithmic procedures through scripting enables 
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control over design constraints. In other words, as described by SMG (Specialist 
Modelling Group in Foster+Partners) (2007), scripting is a series of instructions 
written in a language that computer can understand and a script simply for a CAD 
program tells the computer how to create a drawing in terms of number of element 
and their relatioships. 
Consequently, with the aid of algorithmic procedures and scripting techniques 
complexities can be handled by creating a certain level of abstraction based on 
relations. As it was with the other parametric design strategies, a script or an 
algorithm can be transferred into a model very quickly without any modification in 
order to carry on with manufacturing processes. This transformation provides a 
relation between design and production stages which then leads to a more coherent 
process. As Terzidis (2003) points out, algorithms are engines of the new design 
environment, which introduce new exploration of form, material and topological 
relations. 
4.3. Computation as an Interface between Design and Production 
With the introduction of digital technologies, design and production processes are 
changing and evolving in radical ways. Under the influence of digital technologies, 
the processes of describing and constructing a design can be more direct and more 
complex. In other words, the intensive use of computational technologies has 
enabled complex geometries to be handled in a non-linear and active way. Referring 
to the nature of computation, concepts and processes that are inconceivable, 
unpredictable can be explored and developed with the aid of new design strategies 
(Terzidis, 2006). This marks out the significance of computers and computer 
technologies in the current medium and proves that the vast use of such 
technologies has changed the way a design is produced.  
Consequently, the radical changes introduced by computational techniques have 
shifted the design processes from a conventional mode to a more dynamic, open-
ended generative mode. As previously mentioned computational technologies are 
inspired from various underlying concepts like animation, kinematics, data flow, 
biology, genetics, algorithms etc. The purpose of all of these concepts is to 
demonstrate techniques that will provide generation of new forms and enable more 
dynamic design purposes. Another common feature of the computational techniques 
of the digital age is that such techniques employ all the means of media in order to 
develop an inner logic for form finding processes. In other words, it is not about 
creating sophisticated forms without any context but to develop a logic that provides 
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form generation due to the media (animation, dynamics, genetics, parametrics etc.) 
it is based upon. Furthermore, with the advent technologies in production, the 
geometries generated with computational technologies could also be realized in 
physical forms. Yet, an important concern of the current medium is to create a 
uniform and smooth process that links design and production and enables a 
continuous relation in between all the stages of a project. 
Although all the techniques of computational environment accomplish working with 
complex geometries, it is the parametric design strategies that enable a noticeable 
link between design and production. Thus, parametric design strategies (associative 
geometries, algorithms and scripting techniques) act as the main agents of 
computational technologies that change nature of design by enabling logic and 
relation based processes. Acknowledging this feature of parametric design 
strategies, Kolarevic (2003b) states that if parametric approach to design is applied 
from its conceptualization to materialization, both the hierarchies in the building 
industry and the role of the architect alters profoundly in the sense that architects do 
not design shapes but sets of principles that are open to modifications in order to 
satisfy design considerations. Consequently, such a technique enables a link 
between all the parties of a design project and enables a smooth coherent process 
from design to production. 
As it is mentioned by Terzidis (2006), although algorithmic logic or parametric 
design strategies appear to be fixed among numbers, concepts and their 
interrelationship, the main characteristics of such techniques allow one to explore 
what is offered by CAD systems further. In other words, unlike traditional CAD 
software developments which mimic the hardware tools used in the practice, 
sophisticated softwares based on parameters and relations enable the superposition 
of traditional tools and new techniques of computation. Thus, allows creative and 
concentric working model which introduces interaction between various processes 
of a design (Asanowicz, 2007).  
In this new environment of design, parameter based computational techniques 
define the rules, relations and constraints that define the design. Kolarevic (2007a) 
defines this current medium as a shift from emphasizing particular forms of 
expression (geometry) to relations (topology) in between. Consequently, the 
relations that define the design do not function as limitations, yet introduces an 
unpredictable, uncertain and indeterminate model which in the end enables 
possibilities of finding form (Kolarevic, 2007a). The computational design 
environment enriched with new techniques of parametric design introduces 
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variations as a consequence of instant interpretations and manipulations. In other 
words, the design process under the influence of computation techniques display 
creativity based on indeterminacy. 
Within this indeterminacy, designers have a critical role while defining relations and 
parameters that will eventually set up design. As Kolarevic (2003b) points out both 
the designer and the profession should attempt to see beyond the issues of formal 
aesthetics. By embracing computational techniques as a strategy that would 
envision new understandings towards design, the way things are drawn and 
produced will profoundly change. Thinking and working beyond aesthetical 
considerations encourages designers to create a link between design and 
production where computational techniques will exhibit a critical interface.  
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CHAPTER 5: DIGITAL PRODUCTION 
5.1 Introduction 
With the introduction of recent technological developments to the practice, new 
spatial and tectonic qualities in architecture are arising. Awareness in 
constructability, the possibility of creating complex shapes and the ability of 
manipulating these complexities have encouraged architects to be more actively 
involved in production process. 
The new computational techniques like parametric design, algorithmic procedures, 
scripting have created a link through all the phases of design by providing instant 
transformations. Therefore, computational design techniques and strategies by 
working as an interface have enabled the design and manufacturing processes of 
complex forms.  
With the introduction of CAM technologies, the 3D models drawn by CAD 
technologies can be produced, tested and evaluated. In other words, the direct link 
between CAD and CAM processes provide an interaction through all the phases of a 
design where not only what is digitally drawn can be produced and tested but also 
what is produced can be digitally drawn.  
As Kolarevic (2003c) states, once constructability becomes a direct function of 
computability, the main concern is no longer production of a particular form, but the 
emergence of new technologies to take the advantage of digital modes of production. 
In other words, further innovations in production can be emerged only with the 
integration of exiting technologies and new materiality.  
Consequently, manufacturing processes informed by computational design 
processes have become the main concern of the medium. By avoiding the pure 
aesthetical considerations, today the tendency of the discipline is towards the 
integration of design and production phases and consequently the emergence of 
new techniques and strategies of design and production. 
Following up the statements above, the intension of this chapter is to scrutinize 
underlying issues inherent in a design process using the current techniques of the 
practice as a tool both for design, visualization and fabrication. Stressing the 
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significance of the integration of design and production processes, this chapter tries 
to focus on the essence and the potentiality of the current fabrication processes as 
well as the foundations of new techniques and materials under the influence of 
today’s computationally defined environment. 
5.2 Digital Production in the Digital World 
Throughout the history, the means of the current medium’s technology have been 
used with all its aspects as the tool of craft for production of things. Klinger (2007) 
referring to the milestones of production, states that tools of craft historically were 
extensions of the hand, and skilled craftspersons developed good hand/eye/mind 
coordination. Under the influence of industrial revolution, the tools of craft has been 
enriched with the means of mechanistic technology (standardization, repetition, 
mass production etc.) and the skilled craftsperson in the industrial age was able to 
employ the processes of industry resulting from new methods in fabrication. In the 
current medium the tools of craft and the skilled craftsperson are being challenged 
by the means of digital technologies. Architect as the craftsman of architecture has 
employed computer technologies as the main tool of craft in the digital age both 
design and production wise. 
While the dominance of computer technologies in architectural design processes 
increased rapidly, dealing with complexities have become a vital point for 
architectural design processes to go beyond boundaries and enable challenges. 
Referring to Le Corbusier’s statement “almost every period of architecture has been 
linked to research in construction”, under the influence of computational 
technologies, the synthesis of design and production processes has become the 
essence of architectural creativity in the digital age. Mitchell (1999) associates the 
developments in construction with the developments in design processes and points 
out that as design ideas evolve, construction techniques, materiality and production 
processes will under go changes. In other words, working in the digital age with the 
aid of computational technologies not only opens up new possibilities for design 
processes but also pushes the limits of engineering and fosters digital production. 
As previously mentioned in other chapters, Computer Aided Design (CAD), 
Computer Aided Manufacturing (CAM) and Computer Aided Engineering (CAE) 
systems have long been used by aeroplane, shipbuilding and automobile industries 
both in design and production phases. With the introduction of such systems to the 
discipline of architecture, both the design and production processes have been 
altered and became more interactive with each other. Today, CAD is not just a tool 
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for elaborately visualizing images of the end product, but rather a continuous, 
multidirectional feedback mechanism that connects various part of the design and 
construction phases. Under the guidance of parametric design techniques, CAD 
models has created a reciprocal interaction between CAM/CAE systems and this 
close relation between three systems has opened up opportunities where a design 
can be evaluated both digitally and physically. Referring to this reciprocal interaction 
Kolarevic (2003c) points out the significance of the introduction of digital production 
techniques to the discipline of architecture and states that such technologies has 
altered the ideas of conception and production and under the guidance of 
computability, the emergence of complex forms has forced architects to care more 
about constructability. Briefly, the ability to generate construction information directly 
from design information is what defines the most profound aspect of contemporary 
architecture. The close relationship that once existed between architecture and 
construction (what was once the very nature of architectural practice) could 
potentially reemerge as an unintended but fortunate outcome of the new digital 
processes of production (Kolarevic, 2003c). 
5.3. Digital Fabrication: Techniques of Digital Production 
Architectural design and manufacturing processes are going under radical changes 
with the introduction of digital technologies. Kolarevic (2003c) evaluates these 
changes and states that once it was Euclidean geometry and its consequences in 
building industry that defined the drafting tools (i.e. straightedge and compass to 
draw straight lines, circles) and production techniques. Referring to the statement of 
Mitchell “architects drew what they could build, and build what they could draw” he 
points out that this reciprocal relation between representation, design and 
production which has existed throughout the history continues in various forms 
under the influence of digital technologies.  
The significance of digital media and its tools highlights itself in the relation of design 
and production processes. The relationship between architectural design and 
production are brought closer together given the fluidity and accuracy of digital tools. 
Computer-aided design and computer-aided fabrication processes provide the 
means to create new forms of architectural practice and challenge traditional 
methods of project delivery (Norman & Tilder, 2003). Under the influence of such 
technologies, Kolarevic (2003c) states that architects are becoming much more 
directly involved in the fabrication processes, as they create the information that is 
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translated by fabricators directly into the control data that drives the digital 
fabrication equipment. 
In summary, digital architectural fabrication refers to the computationally based 
processes of form production and fabrication based on a digital architectural model. 
Saas (2005) summarizes the essence and significance of digital fabrication in the 
practice of architecture under three main points: 
 a. Digital Fabrication binds the relationship between design, computational 
modeling and physical building.  
 b. Design requires that many representations of an idea be built as a 
process. One important question is how can architects facilitate the manufacture 
of many ideas in physical form.  
 c. Digital Design and Fabrication is the bridge between materials, form 
making and complex computational processing. 
Briefly, digital fabrication is a process that binds design and construction phases by 
allowing constant changes amongst computation and production. With the help of 
digital fabrication a design could be constantly tested and evaluated from the very 
beginning till the end product. 
Depending on characteristics and topological properties a digitally produced model 
can be turned into a physical model by various fabrication techniques. Computer 
numerical control, rapid prototyping and formative fabrication are the most 
commonly used fabrication techniques in the current medium. 
5.3.1. Computer Numerical Control (CNC) 
Computer Numerical Control (CNC) processes is the most common way of digital 
manufacturing. Seely (2004) describes CNC processes as the production technique 
of creating objects by removing material from a starting block, rod, or sheet through 
computer controlled movements.  
In the book of Digital Design and Manufacturing CAD/CAM Applications in 
architecture and Design (2005), some basic characteristics of CNC technologies is 
summarized as the followings, 
-The preparation of instructions describing the work can be done in a digital 
format 
-Reading those instructions via a controller, which “decodes” the instructions to 
convert them from a digital format to a stream of electrical impulses 
- The machine tools themselves  
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Figure 5.1: Three-axis milling machines 
 
 
 
 
Figure 5.2: Five-axis milling machines 
 
Briefly, CNC processes cover 3 steps, preparing a digital file in the computer, setting 
up the material in the machine, and then sending the file to the machine. The 
machine automatically mills or cuts the material according to the computerized 
directions it is given (Seely, 2004). 
Depending on the physical and chemical properties of the sheet material, CNC 
cutting or 2D Fabrication processes cover various cutting technologies such as laser 
beam, water jet and plasma-arc. Laser beam cutting is usually preferred with 
materials that can absorb light energy with thicknesses up to 16 mm. The working 
principle of laser beam cut is based on a high-intensity focused beam of infrared 
light and a jet of pressurized gas (carbon dioxide) to melt or burn the material sheet. 
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Water jet cutting involves highly pressurized water mixed with solid abrasive 
particles, forced through a nozzle, producing very clean and accurate cut with the 
rapid erosion of the material in its path. Advantage of water jet cutting is that the 
range of materials can be cut with this technique is very wide. Plasma-arc cutting 
works with the principle of passing an electric arc through compressed gas jet, 
heating the gas into plasma state with very high temperatures (14000°C), which 
converts back into gas when it transfers the heat to the cutting zone 
(Kolarevic,2003c). 
Another commonly used CNC process, as Kolarevic calls is subtractive fabrication 
which involves the principle of removing specified part of a solid using electro-, 
chemically- or mechanically-reductive milling processes. The milling procedure can 
be axially, surface or volume constrained. In axially constrained (one axis) milling 
the material that is going to be milled has one axis of rotational motions, and the 
milling head has two transformational motions. Surface constrained (two axes) 
milling machines works along X and Y-axes to remove 2D patterns of material. By 
adding the milling head the ability to move in the third axis, Z, volume constrained  
(three axes) milling of a solid becomes possible. Yet, 3-axes milling machines do not 
work for undercuts and the range of producible shapes with such machines is 
limited. Should the 4th and 5th axes rotation abilities are added to the milling head, 
the possibility to produce wider spectrum is increased. The sharpness and precision 
of the cuts depend on the drill bits. Large bits are generally used for course 
removals whereas smaller bits work for finishes. The rotational speed of the bits 
varies depending on the properties of the material that is going to be milled 
(Kolarevic, 2003c). 
The CNC multi-axis milling is an old and common digital fabrication technique. This 
techniques starting from 1970s in United Kingdom has been used for many 
modeling issues. With the introduction of Advance CNC machines during 1980s, this 
Fabrication technique was applied on the production of construction components of 
the Sagrada Familia Church in Barcelona in 1990s.  Gehry’s Conde Nast Cafeteria 
(New York, 2000) and Bernard Franken’s Bubble BMW Pavilion (1999) are the 
examples of  newer ways of using CNC milling where produce formwork (molds)  
with double curved geometries  for on-site and off-site casting are produced 
(Kolarevic, 2003c). 
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 Figure 5.3: Water-jet cutting 
 
 
Figure 5.4: Plasma-arc cutting 
5.3.1.1. Production Strategies of Two-Dimensional Fabrication 
Among other fabrication techniques, two-dimensional fabrication of CNC technology 
is the most feasible and usable one for building industry in terms of manufacturing. 
The most common production strategies of two-dimensional fabrication cover 
techniques like contouring, triangulation (or polygonal tessellation), use of ruled, 
developable surfaces and unfolding. The basic principle of each of these techniques 
depends on the extraction of 2D planar parts from complex shaped building forms. 
Production strategies works as an interface between the design and the physical 
appearance of the final product. The choice of the production strategy depends on 
the topological features and the challenge is choosing the appropriate geometric 
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approximation method that will preserve the essential qualities of the initial form. 
The Gaussian analysis evaluates the degree of curvature in the surface and 
produces colored images that indicate the extent of the surface curvature through 
various colors. With the aid of this analysis, the curvature manipulated without 
disturbing the overall design (Kolarevic, 2003c). 
 
Figure 5.5: Gaussian analysis of the surface curvature 
One of the com  
produced by techniques like 
triangulation, planar tessellation and creation of ruled surfaces. The general  
mon production strategies is contouring which includes articulation
of the structural system of complex forms by using modeling software. Conceptually, 
contouring is resembles a process called lofting which is used in shipbuilding 
industry. The basic principle of this process is that ships hulls are constructed in the 
lofts with the help of a sequence of planar lateral cross-sections which then become 
ribs mounted on a spine that runs lengthwise. Based on that, in contouring parallel 
sequence of planar sections produced by modeling software, are placed at regular 
intervals to define the contours of the form. One of the significant characteristics is 
that the same software used more modeling can also be used for fabrication later 
on. The wireframe cross-sections can be further manipulated to create complete 
abstraction of the building’s structural framework. This articulation can also be 
processed through structural analysis software to produce the precise definition of 
every structural member. An interesting contouring technique that is used mostly for 
NURBS surfaces us based on extracting the isoparametric curves which are used 
for visualization of such surfaces. Depending on the budgetary or other production-
related restrictions, complex geometry of NURBS curves can be approximated with 
circular, radial geometry, which can be inexpensively manufactured using rolling 
machines. The significant point in this process is the precise connection among 
different pieces and their assembly (Kolarevic, 2003c). 
Complex geometries and curvilinear surfaces can be 
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 Figure 5.6: Structural framework for a ship’s hull 
 
Figure 5.7: Structural frames in Frank Gehry’s Experience Music Project produced 
by contouring 
p
which are laid out as 2D shapes an nt CNC technology. Triangulation 
rinciple in these strategies is the unfolding of complex surfaces into planar strips 
d cut by releva
or other planar tessellation techniques are based on representation of a complex 
surface in terms of patches of different geometries and size. In this production 
strategy, the aid of computational techniques (parametric design etc.) not only 
creates rich options in terms of geometry of the patches but also enables various 
approximation strategies interactively to match cost and production constraints. 
Conversion of the complex double-curved surfaces to ruled surfaces is another 
production process which is generated by linear interpolation of two distinct curves. 
A wide variety of surfaces, including cones, cylinders as the simplest ones, can be 
generated by this production technique and smoothness of end product makes this 
fashion favorable (Kolarevic, 2003c). 
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 Figure 5.8: Examples of triangulated surfaces; G
Museum Great Court  
ehry’s DG Bank - Foster’s British 
  
Figure 5.9: Ruled Surface 
5.3.2 Rapid Prototyping (Additive Fabrication) 
Rapid Prototyping or Additive fabrication works in the opposite way of milling does 
aterial in a layer-by-layer fashion. 
omputer, sets up the 
and is the process of forming a model by adding m
There basic principle behind this sort of fabrication is breaking down the digital 
model is into 2D layers. After the transfer of 2D layer data, physical product is 
generated incrementally with different base material and different techniques of 
solidifying according to the base material (Kolarevic, 2003c). 
The way the process starts resembles the same procedure for CNC techniques. The 
user starts by preparing a three-dimensional file in the c
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machine, and then sends the file to be ‘printed’. The machine automatically builds 
up the material according to the computerized directions it is given (Seely, 2004). 
There are many different techniques of rapid prototyping in the market depending on 
the base material choice (solid, liquid or powder based) and techniques of solidifying 
the base material. The most common techniques are as follows: Stereolitrography 
is based on a liquid polymer that solidifies when exposed to laser light. Laser beam 
traces the cross-section of the model into the light sensitive polymer. This tracing 
produces a thin solid layer on the parts that are exposed to the laser. Then this layer 
is lowered by a small increment depending on the thicknesses of the sections in 
order to pass to the next layer. The process continues until the entire model is 
‘printed’, submerged into the base material. As the last step the model is cured to 
remove waste liquid and to give extra rigidity. Another technique is called Selective 
Laser Sintering (SLS) and this one based on a laser beam melting the layer of 
metal powder to create solid objects. In Fused Deposition Modeling (FDM) each 
cross section is produced by melting a plastic filament that solidifies upon cooling 
(Kolarevic, 2003c). During 3D printing, an inkjet-like printing head prints an entire 
layer of a given object with a water-based binding fluid on the top surface of a bed of 
fine, starch- or plaster-based powder. This procedure continues until layer by layer 
until the object is complete (Seely, 2004). Similar to 3D Printing techniques Multi 
Jet Manufacture (MJM) technique uses a print head which deposits melted 
thermoplastic wax material in order to complete whole model layer by layer 
(Kolarevic, 2003c).The Laminated Object Modeling (LOM) process creates objects 
by repeatedly laminating thin sheets of paper, plastic, or composites. Each layer has 
a profile cut into it by a laser or blade, and is laminated to the previous layer (Seely, 
2004).  
 
Figure 5.10: Stereolitrography 
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 Figure 5.11: Selective Laser Sintering 
 
Figure 5.12: Fused Deposition Modeling 
 
As Szalapaj (2005) states rapid prototyping technology enables designers to create 
rough design models which he further describes as digital sketch modeling process. 
Based on that, although there is a wide range of typologies and topologies that 
could be worked with the techniques mentioned above, this fabrication process is 
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not feasible in building design and manufacturing. Depending on the scale that could 
be produced, this fabrication is to check the integrity of the digital model. Yet, in the 
construction, this rapid prototyping processes are used to produce components in 
series, such as steel elements in light truss structures (Kolarevic, 2003c). 
 
Figure 5.13: Multi Jet Manufacture 
 
Figure 5.14: Laminated Object Modeling 
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5.3.3 Formative Fabrication 
Formative Fabrication is based on reshaping or deforming a material by applying 
mechanical forces, restricting forms, heat or steam in order to reach desired form. 
Applied deformation processes could be axially or surface constrained and such 
deformations can be done permanently by different processes such as stressing the 
metal past its elastic limit, heating and bending it when it is in softened state, steam 
bending boards etc. Approximation of double-curved surfaces can be done by 
arrays of height adjustable numerically controlled pins. It is also possible to fabricate 
plane curves by the numerically-controlled bending of thin rods, tubes or strips of 
elastic materials as done for many exhibitions of BMW by Bernhard Franken 
(Kolarevic, 2003c). 
 
Figure 5.15: Formative fabrication in BMW Pavillion 
olo, it is stated that; 
“…The problem today is that you can build everything in the computer, but if you 
want to construct these things in reality the gap you have to bridge is very 
complicated. In general, I think that projects become much more interesting if 
they take the geometrical qualities of materials into account. If architects don’t try 
to feed material constraints into software, they become moviemakers or image 
manipulators instead of designers who actually construct things.” 
5.4. The Influence of Digital Manufacturing Processes on the Emergence of 
New Materiality and New Production Strategies 
Architecture is a material practice and is constantly renewing itself through the 
accomplishments of new complex geometries (Menges, 2006). In other words 
working with complex geometries and being able to manipulate them enabled 
architects to question construction related issues. Referring to the current changes 
under the influence of computationally defined environment, in the interview of Klijn 
(2004) with Zaera-P
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Consequently, the main concern of the current medium is far beyond just working 
with fascinating forms. Using computational technologies not only as a tool for 
drafting related issues but also as an interface that would bind design and 
production phases has allowed constructability to be one of the main issues of the 
practice. Furthermore, as digital fabrication processes allowed material related 
constraints to play an active role in construction new tectonic relations raised. 
Kolaveric (2003c) describes this situation as a renewed interest among architects in 
materials, their properties and their capacity to produce desired aesthetic and spatial 
effects and associates it to new forms of architectural expression, advances in 
material science  manufacturing 
and its affordability has transferred the building industry and helped to outline the 
 tendency towards working with 
surface tectonics appeared in order to handle construction problems. This approach 
f Digital Production  
With the radical 
changes yment, 
compute s which 
is define ed and 
the ability s, 
design process as a strategic aspect rather than merely facilitative activity (Menges, 
 and their integration. Briefly, the integration of digital
potentialities for future tectonic possibilities in architectural design (Menges, 2006). 
As the complexity in geometry of forms increased, a
was basically depending on integration of skin and structure in a single element, 
which does not require any additional supporting elements. This articulation has 
offered new materials like high temperature foams, rubbers, plastics and 
composites, and new surface effects of interactive, dynamic reactions.  
5.5 Architecture Under the Influence o
 introduction of computer technologies architecture has gone under 
 from visualization to production.In the early stages of its emplo
r technology was mostly used for design and visualization processe
d as computer aided design. As the interest in complexities increas
to manipulate these complexities is enabled by new technique
architecture has become more digital both design and production wise.In other 
words, the digital representation of architectural entities and the digital manipulation 
of those entities have provided alternate means in terms of production (Norman & 
Tilder, 2003). 
As previously mentioned, the current digital production techniques serve for different 
purposes. While CNC technologies and formative fabrication techniques are feasible 
for manufacturing related issues, rapid prototyping works better for architectural 
model making. In either case the use of digital fabrication techniques has opened up 
new visions for design and production processes.  
In the contemporary medium, digital production techniques are involved in the 
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2006).CAM technologies together with aid of CAD technologies has broaden the 
boundaries of digital fabrication. As Kolarevic (2003c) points out, knowing the 
production capabilities and availability of particular digitally driven fabrication 
equipment enables architects to design specifically for the capabilities of those 
machines. The consequences are that architects are becoming much more directly 
involved in the fabrication processes, as they create the information that is 
translated by fabricators directly into the control data that drives the digital 
fabrication equipment. In other words, with the aid of computational techniques, 
oduce drawings and 
models. With this awareness, a link with design and production is established which 
odels do not just represent the reality of an architectural design, but 
also capture the spirit and sensibility of the design. With the aid of digital fabrication 
architects are more aware of what, how and what for they pr
serves for particular needs of a certain project. As a consequence, the increasing 
interest in manufacturing processes leads to a shift from mass production and its 
inherent standardization to the conception and production of differentiated building 
elements and systems (Menges, 2006b).Based on these, the digital production 
technologies enable to discover new techniques and tectonic qualities. 
Another significant involvement of digital production techniques in design other than 
manufacturing processes is in terms of physical model making. Seely (2004) states 
that physical m
techniques a design could be tested and evaluated many times during the process. 
This provides an ever changing process between design and production that helps 
to create high qualified models in various scales that can not be created by hand in 
a short amount of time. This strong link enables continuous feedback and enriches 
the design process.  
Consequently, the innovations in computational technologies provides opportunities 
to work with complexities and the integration of such innovations with production 
technologies offers a more incorporated design process. In other words, the 
newfound abilities in computation based environment enable a collaborative medium 
where the construction and the design information are derived from the same 
source. This collaborative environment encourages architects and architectural firms 
to keep track of the benefits of the current medium and provokes participation in all 
the phases of a design. The responses generated to this new design and production 
environment of architecture will be further investigated through a selected firm and 
its technological offspring; Foster+Partners and Specialist Modelling Group (SMG) 
in the following chapter. 
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CHAPTER 6: CASE STUDIES 
6.1 Introduction 
As it has been discussed throughout the thesis, digital technologies and its tools 
(computation techniques) have affected the discipline of architecture profoundly. 
With the introduction of computational tools, new techniques and strategies of 
architectural design processes have been established, which in the end enabled 
various approaches towards design and production.  
This chapter is an assessment and evaluation of the discipline from a corporate 
point of view. As the concern of the medium shifted away from pure aesthetical 
visualization considerations to concerns on constructability of complexities, is 
important to re-evaluate the current situation of the discipline with the responses 
generated by an architectural firm; Foster+Partners and its technological offspring 
Specialist Modelling Group (SMG). 
The choice of the architectural firm has some particular reasons. First, this firm is 
considered as a master builder and relative to their colleagues, computers and 
computational technologies are used as tools of form defining and constructability 
rather than context-less form generation. Second reason is the capability to adopt 
and reposition itself to the current changes of digital technologies. In other words, 
the motives behind setting up a technological offspring as a consequence of the 
affects of digital technologies are regarded as major and significant steps to be 
investigated both discipline and practice wise. 
The selected firm and its technological offspring will be investigated under the topics 
like; the use of computers and computational technologies, the motives on setting 
up such an offspring, methodologies in design processes via selected projects.  
6.2 Foster+Partners 
Foster and Partners is an international studio for architecture, planning and design 
led by Norman Foster and a group of Senior Partners. Even the firm bases in 
London, it has many site offices such as New York, Berlin, Madrid and Istanbul. 
Foster and Partners is a well known practice for its many completed buildings and 
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for the scale of the projects. It has created landmarks like 30 St Mary Axe in London, 
London City Hall, Great Court at the British Museum and Wembley Stadium. The list 
of projects includes Beijing International Airport, as well as the courtyard of the 
Smithsonian Institution in Washington DC. The design process for these huge 
buildings and structures, involves a complex optimization problem in order to comply 
with planning regulations, budget constraints and energy efficiency (Freiberger, 
2007). The way these problems are solved in this practice, is through advanced 
digital tools that can analyze and integrate the bewildering array of constraints to 
find optimal solutions. Consequently, this chapter will focus on the process of 
design, the computational techniques and the Specialist Modelling Group in the 
office. 
6.2.1 The Evolution of Computers and Computational Techniques in the Office 
In 1998, Specialist Modelling Group (SMG) was established in Foster and Partners 
in order to provide in-house consultancy in advanced 3-D modelling techniques, and 
the creation of custom digital tools that allows architects both to explore design 
solutions rapidly and to communicate data to consultants and contractors. 
The advent of digital technologies and the use of computational techniques in the 
office has allowed to design and to build structures with complex geometric forms 
that would not have been feasible twenty years ago. Hugh Whitehead, who is the 
project director of SMG, explains how computational techniques such as parametric 
approach, has become instrumental for the work of Foster and Partners as 
following: 
Complex geometries involve very large parameter sets that are impossible to 
control by direct manipulation. With buildings like the Beijing airport, which has a 
double-curved roof that is 3 kilometers long, the approach was to develop control 
mechanisms that can be driven by law curves. Law curves control “rate of 
change” and can be geometric as graphs or algebraic as functions. By 
representing higher derivatives as curves, or even surfaces, complex behaviour 
can be achieved with simple manipulations. That eventually affects the workflow 
of the team by saving time, and the design strategy of the office (2006) 
Therefore, such a parametric and editable approach to design in Foster and 
Partners offers a high degree of geometric control combined with the ability to 
rapidly generate variations. However, as Whitehead points out “we are limited in 
what we can build” (Menges, 2006a). So, digital technologies can not be thought 
aside from rapid prototyping technology, recognizing the fact that key decisions are 
still made from the study of physical models. While advancing modelling techniques 
 65
in the office, Foster and Partners have also established in-house model shops, 
including various systems from 3D printing to laser technology. In this way, there is 
a constant dialogue between drawings, CAD models, rendered images, hidden-line 
models, CNC-cut models and sketch models.  
6.2.2 Specialist Modelling Group (SMG): The motives behind the current 
agenda 
The SMG’s brief is to carry out research and development in an environment that is 
intensely project-driven. They had the opportunity to see many of them progress 
from concept design through fabrication and on-site construction. These specialists 
use geometry as a means of description and as a way to harness the complexity of 
a building design (Walker, 2007). 
The group develops advanced computer modelling techniques which combine the 
use of parametric and generative scripting - processes that enable the 
rationalization and demystification of the structure and building components of highly 
complex geometric forms. The aim is to promote a design workflow which harnesses 
complexity, by connecting geometric form finding with performance analysis and 
environmental simulation. Complex forms also have an underlying simplicity, which 
when discovered can make them affordable, buildable and efficient, as well as 
beautiful. The group's continual and iterative participation in the design process 
leads to a more integrated approach and outstanding levels of innovation (Verebes, 
2007). 
The design team which is equipped with the digital tools provided by the SMG; can 
explore a huge range of design options in a very short period of time. The team can 
change geometric features of a building and see how the change affects, such as 
aerodynamic or acoustic properties. They can explore how complex shapes that are 
hard to build can be broken down into simpler ones, and they can quickly calculate 
how much material is needed to estimate the cost. As Freiberger (2007) states in 
her article that, the results are buildings that would have been impossible only a few 
decades ago, not only because of their complex shapes were impossible to 
construct but also because of the degree to which they exploit science to interact 
optimally with their environment.   
In this way, with the help of SMG specialists and their generative tools, it is possible 
to model and test every aspect of a building, from its physics to its appearance. With 
these models, the team can simulate the way the wind blows around the building or 
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sound waves bounce around inside it. All the information that we receive from these 
models can be get together in what is probably the most important innovation in 
architectural CAD tools in recent years: parametric modelling (Whitehead, 2003).  
6.2.3 Methodologies in Foster+Partners’ Design Processes 
The role of SMG in the projects and the design methodologies of the office, will be 
investigated under 3 topics through the evaluation of selected project in the following 
section.  
6.2.3.1. Design Optimization 
Parametric modelling has been the subject since the 1960s, but only very recently 
architects are fully exploiting its power. These models allow architects to understand 
the certain features of a building without having to re-calculate all the other features 
that are affected by the changes through the design process. This makes them 
extremely powerful design tools and they are integrated to the design process with 
the help of SMG specialists (Freiberger, 2007). 
In Smithsonian Institute Courtyard Enclosure project which is an invited 
international architecture competition (won by Foster+Partners in 2004) to design a 
new courtyard enclosure, scripting technique had been used to set out the 
appropriate geometric relations. The significance and the benefits of using a 
parametric design technique (scripting) in such a project has been described by 
SMG as following; 
-The simultaneous generation of multiple representations within a single model; a 
centreline model for structural analysis; a triangulated flat panel model for 
acoustic analysis; a simplified model for hidden line visualizations; lighting node 
position models; node and beam set-out drawings and spreadsheets; unfolded 
beams for the digital fabrication of scale models; and a complete model of all roof 
elements for the creation of drawings by the project team. 
-The independent development of roof configuration and individual component 
strategies. The roof geometry was free to change without affecting the logic of the 
beam section or panelization system. Within the script, different modules of code 
could be inserted, removed, or edited to create new roof options. Using this 
approach, the long-chain dependencies of a fully associative system did not exist, 
and modification was simpler and regeneration much faster. When changes were 
made to the script or to the set out geometry, a new digital model could be 
generated rapidly. A dynamically parametric model was not necessary. 
- A computer-generated model gave very precise control over the values and 
relationships within the roof system. It produced consistent and repeatable results 
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where the design history was saved as a copy of the generating script and the 
set-out geometry used (Menges, 2006a). 
 
 
Figure 6.1: Courtyard Enclosure Interior Study, Smithsonian Institution   
 
Figure 6.2: Structural and Daily Insulation Analysis, Smithsonian Institution 
As described above, by encoding design constraints by using parametric technique 
called scripting, an editable and quick working process and complete control over 
the geometry has been established. Besides parametric modeling techniques, SMG 
specialists handle complex geometries through various strategies which help to 
simplify geometries both design and production wise. Panelization is one of these 
techniques, which has been employed for simplification of toroidal geometries. As 
Whitehead (2003) described torus patch is interesting from an architectural point of 
view because it has natural flat panel solution, due to the fact that a constant section 
revolved around a constant center produces a surface without twist. Different 
combinations of torus patch constructions have enabled various solutions for 
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panelization of curved surfaces in Foster Studio. Consequently, working with 
complex geometries has enabled control over many geometrical definitions such as 
ruled surfaces or hyperbolic surfaces. The following two projects has been 
described by Whitehead (2003) as the radical examples of control over curved 
surfaces. 
                                                
Figure 6.3: A Torus Patch 
In The London City Hall, as stated by Whitehead (2003), the very initial idea they 
took up was the form of a pebble and then they attempted to create a “parametric 
pebble”. The first problem they faced was how to formulate a “pebble” in descriptive 
geometry. SMG specialists first thought to start with a sphere, which has a minimal 
ratio of surface area to volume, and then explore how it could be transformed. They 
first derived a “minimal control polygon” for a sphere and connected it to a 
parametric control rig, so that the form could be easily adjusted by using 
proportional relationships. Whitehead (2003) also affirms that, a proportional control 
mechanism allowed designers to dynamically fine-tune curves by hand and eye, 
while the system precisely records dimensions. Once an appropriate shape was 
found, the control polygon was extracted and used to produce a solid model for 
further development. Consequently, the “pebble-like form”, created through this way 
which had some remarkable properties than any other 3D modellings. 
 
Figure 6.4: The “Parametric Pebble”, London City Hall 
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 Figure 6.5: The London City Hall Rendering 
Chesa Futura Apartment is a building in St Moritz situated among dramatic 
landscape at 1800 meters above sea level. The building’s curve form was a respond 
to the potential of the site, while conforming to its constraints. By designing the 
building as a rounded form, it responded to the planning regulations as a 
conventional rectilinear building would “protrude” over the specific height 
(Whitehead, 2003). Because the ground and first floor levels are not utilized, the 
three elevated stories are widened to achieve the desired overall floor area, but do 
not appear bulky due to the building’s rounded form. One specific property of the 
building is that it combines a novel form with traditional timber construction where 
SMG specialists and their models were used to create construction details and to 
rationalize the buildings geometry. The initial design sketches were interpreted and 
formalized as a parametric model, which the design team referenced so that 
changes could be tracked in both directions. Although it appears to be a relatively 
simple form, for every combination of plan and section, there were endless possible 
surfacing techniques (Whitehead, 2003). As Whitehead (2003)  suggests, in order to 
rationalize the geometry of the shell and develop it as a parametric model, they 
explored the idea of relating plan to sections as if on a drawing board, but 
generating constructions by using software macros.  
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 Figure 6.6: The Initial Surface Models, Chesa Futura 
This generated incredible opportunity for the design team, even at the last stage of 
the project, when both the plan and sections were still changing; they could 
programmatically regenerate the design surface shell in a way that was consistent 
and reliable. So, software tools were evolved in such a way that allowed the design 
to become a “cyclic” rather than a “linear” process. Whitehead (2003) explains this 
as a “freedom to explore multiple iterations of a design proved to be the key 
optimization”. 
 
 
Figure 6.7: The Parametric Definition of Design Phases, Chesa Futura 
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6.2.3.2. Environmental Constraints 
Environmental concerns have always been a key factor in a project which not only 
enabled suitable buildings to be designed but also participated as the major concern 
in form generation. This vital role of environmental constrains has affected the 
buildings’ form as well as its position towards such as sun, wind and daylight. In 
order to find an optimum solution for necessary environmental constraints, SMG 
works with certain softwares and strategies, thus evaluates parameters like solar 
radiation, day light, air flow and etc. 
The Gherkin is one of the projects the SMG was involved with and is a prime 
example of how geometry was chosen to satisfy constraints. There were three main 
features that make it stand out from most other sky-scrapers: it is round rather than 
square, it bulges in the middle and tapers to a thin end towards the top, and it is 
based on a spiraling design. All these could easily be taken as purely aesthetic 
features, however all needed specific constraints. One major problem with this 180 
meters tall building was that air currents sweeping around and creating whirlwinds at 
its base, making its immediate vicinity an uncomfortable place to be (Freiberger, 
2007). In order to address this problem, the SMG advised the architects to use 
computer models which, based on the mathematics of turbulence, simulate a 
building’s aerodynamic properties.  
 
          
Figure 6.8: The Gherkin, Model of Air Currents Flowing Around the Building 
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The model showed that a cylindrical shape responds better to air currents than a 
square design and so, reduces the whirlwinds. These eco-tech studies set the bases 
not only for architectural design but also for the form of the building; how it bulges 
out in the middle, slims down at the very top. One other issue which was decided at 
the very beginning of the conceptual design stages was that the Gherkin should be 
as sustainable a building as possible and this was meant to choose a shape that 
maximizes natural air ventilation (to save on air-conditioning) and the admittance of 
natural sunlight (to save on heating and lighting) (Freiberger, 2007).  
 
                         
Figure 6.9: A View of the Gherkin 
Xavier de Kestelier who is a member of SMG, describes the project that, six 
triangular wedges were cut out of the circular plan of each floor that were 
penetrating very deep into the building’s interior like a flower shape. He states that 
these serve as light wells, and the shafts they create increase natural ventilation. 
However, the wedges do not sit right on top of each other. Aerodynamic modelling 
showed that ventilation is maximized if the plan of one floor is rotated by several 
degrees with respect to the one below. Thus, the shafts the wedges create spiral up 
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the building and interact optimally with the air currents caused by the building’s 
outward shape. Windows in the façade of the wedges open automatically and draw 
fresh air into the building. As a result of this carefully chosen geometry, the building 
reportedly uses 50% less energy than others of comparable size. 
The form considerations of The London City Hall also depend on environmental 
constraints. The building’s asymmetry is for to energy efficiency reasons, especially; 
the overhang on the South side ensures that windows here are shaded by the floor 
above, thus reducing the need for cooling during summer. As with the Gherkin, 
SMG’s computer modelling showed how air currents move through the building and 
the geometry within the building was chosen to maximize natural ventilation. In fact, 
the building does not require any cooling at all and reportedly uses only a quarter of 
the energy of comparable office spaces.   
 
Figure 6.10:  Solar Study and the Sun Illumination Diagrams for City Hall    
6.2.3.3. Production Strategies 
Production strategies are also significant constraints that affect form generation 
processes. In other words, a production or a material constraint may alter the way a 
form is generated. Such as in the case of London City Hall, although free form 
curves could have been used, arc based geometry has been preferred because of 
construction details. As explained by Whitehead (2003) construction involves 
materials that have dynamic behaviour, they have real thicknesses that varies and 
they move and deform, thus require a strategy for tolerance management. Before 
City Hall progress to construction, the design had to be apart and reassemble as a 
sequence of procedures. In order to build this complex form and to be able to issue 
the project to contractors, SMG specialists transfer all the reliable data to arc-based 
geometry, which means to rationalize the free-form geometry in terms of basic 
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trigonometry. This was entered as a set of expressions in Excel spreadsheets, 
which programmatically generated cladding node coordinates for the entire building. 
So, this became a form of information that can be used directly by manufacturers on 
their production lines. Therefore, the tools or techniques that SMG generates 
through the design process, enables the flow of information from the design team to 
the fabricators and contractors, which has a vital importance in order to make the 
design “buildable” (Whitehead, 2003). 
          
Figure 6.11: The Construction Sequence of the City Hall 
As it has been discussed throughout the chapter, the means of digital technologies 
have been used vastly in various phases of a project. The projects that have been 
reviewed in this chapter represent radical examples of both design and construction. 
Consequently, the works and the methodologies of the office represent the 
characteristics of a work process which establishes a unified design and production, 
and thus seeks for intense work collaboration. 
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 CHAPTER 7: CONCLUSION 
Just like every other discipline, architecture has been highly influenced by the 
means of the Information Age. Digital technologies considered as the offspring of 
Information Age, has profoundly altered and evolved the characteristics of 
architecture both discipline and practice wise. As architecture adopted itself to the 
continuous improvements of the digital technologies, the design and the practice 
have gone under significant changes. 
Developments in digital technologies together with the influence of provocative 
studies in the disciplines of mathematics and geometry, the conception and the 
perception of space have been altered radically. Changes in design processes have 
followed the changes in mathematics and geometry. Studies on Non Euclidean 
geometries have triggered the conception of space and enabled awareness on the 
characteristics of space depending on key factors like curvature and infinity. As 
further studies continued in mathematics, the term topology has become a vital point 
which connects the development in mathematics with architecture. With the 
introduction of topology, the concepts of relations and connections between objects 
became significant developments of form generation. When such developments 
have been guided with the introduction of computational technologies; the design 
process has been altered as a consequence. 
Embracing computational technologies has enabled a new step in design processes 
where open ended, non linear models of design have been achieved. What new 
computation techniques altered in architectural design processes was the 
emergence of formal relationships. By referring to various concepts like animation, 
kinematics, data flow, biology, genetics, algorithms, new techniques of form 
generation has been studied. Among all the other techniques of computation, 
parametric design strategies have enabled a different language of coding in design 
where relations, connections between objects are far more important than the formal 
characteristics of these objects. Such an approach based on relations and 
parameters provided a platform of design that has been freed from conventional 
design approaches.  
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Working with parametric relations has enabled architects to be involved in 
geometrical relationships in order to define hierarchy within design. Such hierarchy 
establishes a series of connections among design entities and provides models that 
are open to modifications to the subsequent transformations. This sort of working 
process supplies various solutions to a particular design problem.  
Another significant characteristic of parameter based computing techniques is the 
possibility to work through the same file for both design and construction purposes. 
In other words, while the design is build upon parameters, the construction of the 
same design could be handled through the same set of parameters. Such an 
approach brings the design and manufacturing processes closer, blurs the 
distinction in between and provides a coherent working environment. The unification 
of design process with digital fabrication technologies provides a continuous 
feedback that enriches the work. The digital fabrication techniques therefore, not 
only work as a technique for the output, but also provide input to alter and evolve the 
same output.  
Working with complexities through parameters has forced architects to question 
possibilities that will enable the production of such complexities. Therefore, the 
introduction of digital technologies has brought a new step in design processes. 
Depending on the topological characteristics, the fabrication technique applicable to 
the certain design problem varies. Thus, digital fabrication techniques do not 
function merely as a facilitative activity, yet as a strategic aspect which might 
influence all the steps in the design. New modeling techniques guided by digital 
fabrication provide foundations of new materiality, tectonic and spatial properties. 
Working through the end product and the ability to test the design during various 
processes helps cost estimations and minimizes misunderstandings among various 
parties of the project. 
The integration of design and manufacturing processes has altered the role of the 
computational technologies in architecture. In the current medium, the 
computational technologies are not only used for visualization, but also for form 
generation processes. This feature together with the digital fabrication tools have 
enabled architects to go beyond pure aesthetical considerations of blobby shapes 
and to work with complexities that can be managed both design and construction 
wise. 
The role of the architect and the reaction of architectural firms towards radical 
changes in architecture is an important issue to understand the real effects of such 
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changes. As the active involvement of architects to design and construction 
increased, the role of the architect has radically changed. The architect is not only a 
designer but also a builder in the current medium. 
Foster and Partners which is the selected firm as a case study in this thesis, 
establishes an appropriate model that reveals the reactions to the current changes 
of the medium. As the use of computational technologies increased, Foster and 
Partners have established an inner consultancy group (SMG) that will guide all the 
process both design and construction wise. This is a remarkable step for the 
architecture world, since it proves that as the technologies evolve, the discipline of 
architecture has to adopt and manipulate itself to the current. Although the role of 
the architect has been redefined as more active both the design and construction 
wise, the complexities of design ask for more collaboration among architects, 
builders, contractors, graphic designers etc. This collaborative working environment 
enables design to be tested through various issues and provides optimization both 
design and construction wise. 
The new design environment enriched and guided by computational technologies 
and digital fabrication has altered the discipline and the practice of architecture 
profoundly. In this new environment, computational techniques work not as a tool 
that mimic the hardware tools of design but function as a tool that enables 
complexities to be handled through a structured logic. With the integration of digital 
fabrication techniques provides opportunities of constructing complexities that were 
once impossible to handle. Thus, what is provided by computational techniques 
could be realized in a physical form and as consequence the discipline of 
architecture can go beyond blobby definitions base on pure aesthetical 
considerations.  
Referring to the reactions among the architects and architectural firms, this new 
design environment calls for collaboration and active involvement in all the phases 
of a design project. Only through such collaboration coherent design processes 
could be achieved. As a consequence, digital technologies have already and will 
always change the way architecture is acting in the medium. It is the responsibility of 
architects to combine what is already been achieved with the new discoveries in 
order to bridge the gap between design and construction. It is an inevitable fact that 
technologies of the current medium define how architects operate and think and it is 
through architects’ ability to manipulate such technologies in order to advance the 
profession. 
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